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Spectrographie copper standards 
(A preliminary note on the technique of standardisation) 


D. M. Smita 


Senior Spectrographer, Johnson, Matthey d& Co. Ltd., Wembley 


To meet the increasing demands for standard alloys for use in quantitative spectro- 
chemical analysis, my Company, Messrs. Johnson, Matthey & Co., Lid., has now 
undertaken the preparation of copper standards containing known smal] quantities 
of the impurities usually found in copper, in suitable ranges of composition. At the 
present time these standards are in ingot form; consequently this contribution to 
the Colloquium is in the form of a preliminary note on the spectrographic method 
used to check the compositions of the ingots. Further checks on the standards 
in their final form will be made in due course and it is proposed to publish a fuller 
account of the work when completed. 


Compositions of the standards 
Three series of alloys have been prepared by vacuum melting and in each series 
the alloys were made by diluting appropriate quantities of the 0-05% alloy or the 
0-005 % alloy with the purest “Matthey’’ copper available. The added elements 
and range of composition are given in Table 1. 


Table ] 





Nominal intended ) contenta °o Elements added together 





0-05, 0,02, 0-01, 0-005, 0-002, 0-001, 0-0005, 
0-0002, 0-000!1 
as for series A 


0-05, 0-02, 0-01, 0-005, 0-002, 0-001 
| 





Form of the standards 
It is proposed to supply the standards in the form of rods 4” in diameter and 34” 
long (approx. 3-2 mm < 8-9 cm), this diameter having been selected with regard 
to convenience and economy in material in preparing globule samples. 
Some of the material will also be available as }’’ diam. drawn rod (6-35 mm 


Analytical control 
Chemical analyses for the added elements were made on the three 0-05 % standards 
and the percentage contents of the remainder of each series were calculated from 
the dilutions with pure copper. 
Spectrographic analysis of the pure copper used for the preparation of the stan 
dards with the smallest additions gave the following results (Table 2). 





D. M. Surru 


Table 2 





Value subsequently determined 
by extrapolation 


Element Approximate wisual estimation 


Lead Less than 0-0004% 0-0003 % 
Silver Less than 0-0003 % 0-0001 % 


Nickel 00-0005 % of the order of 0-0005% but subject 


to further check 
Mang: 8 . 0-0-0002 % Mr 
fanganese faintly visible in the spectra of In 
Iron Results not yet available for F« 
and Ga 
Bismuth not detected 0-0000385 % 


= some ingots, not detected in others 
Gallul 





Excitation and photography of the spectra 


r 1 ' 

[The globule arc method used has been described in earlier publications, including 
the paper presented last year to the Fourth National Convention, A.I.M. at Florence 
Briefly, a constant current D.C. arc (5-6 amp) between an upper electrode of pure 


graphite and a globule of the sample material supported on a lower (negative) 


electrode of pure copper is focused with a concave mirror on to a diaphragm which 


masks the emission from the graphite anode, the light emission from the re gion ol 


just above the globule falling on the sper trograph slit. 
globule samples were pickled in nitric acid just before making the analysis 
ectra were phe togray hed in duplicate for each alloy 
uph \ Hilaer Lattrou spectrograph was used for the examination of 
nd B in preference to the flat-field medium size instrument, which is 
} 


for the analysis of high purity copper because of the greater ease and 


in the identification of the lines and their measurement with the densito 


ng period/Exposure time—10 sec/1 min 
phic p Ilford Ordinary 
anges—2820—5000 A. 2385-3300 A 
m ct Ti 0 by means of a Pfund type iron arc; exposure time ) ser 


For the determination of arsenic, beryllium, phosphorus and tellurium 

1 were photographed with a Hilger flat-field medium size spectrograph. An 

d plate was used in the hope of recording selenium lines, but this element 
cted even with 0-01 % Se 


measurement with the densitometer 


7°716/Cu 3088-132 
056/Cu 4104-226 
637/Cu 3088-132 
580/Cu 3643-631 
069 Cu 2858-734 

2-891 3402-244 


989 2858-734 


O81/Cu 4104-226 
640 u 3OR88-132 
u 4104-226 


u 3088-132 





Spectrographic copper standards 


Series C 
As 2349-84/Cu 2363-21 
Be 2348-610/Cu 2363-21 
P 2553-28/Cu 2363-21 


Te 2385-76/Cu 2363-21 


(juantitative interpretation of the spectra 

Ratios of intensities of added element lines to those of internal standard copper lines 
were determined by reference to iron lines of known relative intensities. A group of 
lines from 3153 to 3244 A proved suitable for.this purpose (G. H. Dieke and H. M 
CROSSWHITE [1]). Where necessary, extrapolation was resorted to, using the den 
sity/log J calibration for the stronger lines and the Serpe. function [log (d,/d —1)] 
in place of the density (log d,/d) for the weaker lines and the spectrum background 
A correction for spectrum background was made for each line measured, thus 

Ix Ix + Be) — Ig 

i Ine 


Bg’) 
where Jy, I:x 4 png) and J», are the intensities of the line of the element studied 
the line plus background, and the spectrum background in the vicinity of the line 
respectively. Z¢,, [icy s ng) and [y, are similar intensities for the internal standard 
copper line and background 

Since the calibration curve log (/x/J,.,,) versus log per cent X should be linea 
even down to the smallest concentrations measurable, any deviation from linearity 
may be ascribed to the presence of a small quantity of the element as impurity in 
the pure copper used in the preparation of the alloys. Projecting the value of log 
(1, /I¢,) from the curve to the best straight line through the points given by the higher 


percentages, the true value of the content is obtained. The difference between the 


two values then gives the residual quantity present in the pure copper. Results 
obtained in this way for bismuth, lead and silver are confirmed by previous results 
obtained visually in the analysis of Matthey copper, and this appears to provide an 
adequate justification of the procedure adopted. 


Scope of the investigations 
So far the spectrographic work has been mainly concerned with checking the compo 
sitions of the standards containing the smallest quantities of added elements. By 
implication, should these prove satisfactory, the alloys containing the larger quan 
tities, which are relatively unaffected by the residual impurities in the pure copper 
should also be satisfactory. 

It was considered that the preliminary results obtained were sufficiently satis 
factory to justify prov eeding with the final preparation of the standards. The « ompo 
sitions of the A series for bismuth, lead, silver and tin and the B series for cobalt 
manganese and (subject to further checks) nickel, now appear to be fairly well 
established. The estimates, derived by extrapolation, for the residual impurities 
present in the pure copper us¢ d in the preparation ot t} e st und ird allovs agree quite 
well with the visual estimates made during the course of selecting copper of 
suitably high degree of purity e Table 2 

Further tests will, of course, be made, particularly in the ¢ 


Sf veral spectroscopl diffi ulties | \ heen encountered 
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Uber einige Verbesserungen an den Apparaturen 
fiir die spektrochemische Analyse 
H. BOCKERT 


A Soc. p. Az., Milan 


Die Laboratorien der europaischen Metall herstellenden und verarbeitenden Industrie 
sind heute noch zum gréBten Teil mit Spektrographen mittlerer Dispersion aus 
geriistet. welche ausreichend sind 
fiir die qualitative und quantita 
tive Analyse der Nichteisenmetalk 
und Legierungen. von Baustihlen 
und von GuBeisen. Die Leistung 
dieser Apparaturen kann jedoch 
erhoéht werden, wenn man di 
Verbesserungen berticksichtigt 
die in letzter Zeit an den elektri 
schen Generatoren sowie an den 
(,eraten zur Beobachtung und 
\uswertung der Spektren vor 
genommen werden konnten 

Bis vor wenigen Jahren a1 
beitete man allgemein mit ge 
steuerten Funkenerzeugern von 
3000—6000 pF Kapazitat. Es hat 
sich jedoch ergeben, daB man mit 
hdéheren Kapazititen in sehr 
vielen Fillen eine gréBere Ana 
lysengenauigkeit, eine schnellere 
Stabilisierung des Funkens und 
eine bedeutend kiirzere Belich 
tungszeit erhadlt. So benétigt mar é 
beispielsweise bei der Bestimmung oy 5 SNS SEE ee ES Sage 


, zitat Das beschriebene Bogengerat ist in einem Schrank 
von Si in GrauguB bei 3000 pF 


gleicher Form und GréGBe montiert 
eine Vorfunkzeit von 3 min und 


eine Belichtungszeit von ca. 90 sec. Bei 12000 pF verringert sich die Vorfunkzeit 
auf 30sec und die Belichtungszeit auf ebenfalls ca. 30 sex 


Auch der AbreiBbogen, der besonders fiir die quantitative Spurenanalyse von Be 


deutung ist, konnte in verschiedener Hinsicht verbessert werden [1]. Seine Leistung 
wurde auf 15 A, 300 V erhéht, und mittels einer mechanischen Schalteinrichtung 
konnten sowohl die einzelnen StromstéBe, wie auch die Gesamtdauer jeder Brenn 
periode und jedes ziindungsfreien Intervalles mit der Netzfrequenz synchronisiert 
werden. Die Brenndauer kann heute zwischen '/,, und 2 sec, die Ruhedauer zwischen 


2, und 5'/, sec in 20 verschiedenen Verhiltnissen eingéstellt werden, so daB man 





fiir jede Analyse die jeweils geeignete Anregungstemperatur wihlen und eine gent 
gend lange Ruhedauer einschalten kann, damit die Elektroden sich wieder hin 
reichend abkiihlen koénnet! Ferner wurde ein elektronischer Spitzenstrommesset 
einge baut der es ermdgiicht die im ga zundeten Bogen tatsichlich vorhandene 
Spitzenstromstarke zu messen. Auf einem zweiten Instrument kann die Spannung 
kontrolli« rt we rade n Dy r Abre iBt ogen ist de mnac h heute ebensogut reproduzierbar 
der gesteuerte Funken und ermdglicht daher sehr genaue quantitative Bestim 
mungen wie sie mit anderen Methoden 

Sogen kaum erzielbar sind 
Was die Auswertung der Spektren 


im 


anbetrifft [2], so hat fiir qualitative 
Analysen der Doppelprojektor immer 
gréBere Verbreitung gefunden. Da 
man hiermit jedes Spektrum der einen 





Platte mit jedem beliebigen Spektrum 
auf der Vergleichsplatte in direkten 
Kontakt bringen kann, ist eine sehr 
schnelle und trotzdem sehr genauc 
Durchmusterung der Spektren mit 
diesem Instrument mdglich. In In 
dustrielaboratorien findet daher auch 
die qualitative Analyse immer mehr 
Eingang, denn sie ermdglicht eine 
rasche Priifung angelieferter Roh 
materialien, wie auch die Durch 
fihrung von Zwischenkontrollen in 
der Produktion, ohne daB diese hier 
durch im geringsten gestért wird 
Was die Mikrophotometer anbe 
trifft, so konnte durch Verwendung 
moderner Typen von Photozellen die 
Empfindlichkeit der Apparate sehr 
erhéht werden. Man erzielt heute 
Endausschlag der 1000 mm langen 
Galvanometerskale bei 2lfacher VergréBerung und 20mm Spalthéhe bei un 
belichteter Plattenstelle bereits mit einer Spaltbreite von 0,02 mm. Diese Empfind 
lichkeit ist notwendig, wenn man gute quantitative Analysen an einfacheren Eisen 
spektren (Baustahle, GuBeisen) mit mittleren Quarzspektrographen durchfiihren will 
Zur Untersuchung von Werkzeugstahlen, Mineralien und anderen Materialien 
die sehr linienreiche Spektren ergeben, gentigt dagegen die Dispersion dieser Modelle 
mittlerer GréBe nicht mehr. Wenn man fiir derartige Bestimmungen heute oft 
Gitterspektrographen verwendet, so geschieht dies nicht, weil diese gegeniiber gleich 


wertigen Prismenspektrographen in dem normalerweise interessierenden Spektral 


bereiche irgendwelche Vorteile bieten, sondern lediglich, weil Prismenapparate 
gleicher Leistung und gleich giinstiger Bauweise bisher nicht hergestellt wurden. 
Wenn man ein Quarzprisma mit gekriimmten Flachen ein sog. Féry-Prisma 

benutzt, kommt man jedoch auf einen Aufbau, der dem eines Gitterapparates sehr 


6 





die spektrochemisehe Analyse 


Uber einige Verbesserungen an den Apparaturen fir 


Vor allem ist das Spektrum in seiner gesamten Linge zugangig ohne 


nahe kommt 
daB das Prisma oder andere optische Elemente bewegt werden miissen. Der Aufbau 
des Spektrographen ist daher auBerordentlich stabil. AuBerdem besitzt er alle Vor 
teile eines Prismenspektrographen: GroBe Lichtstairke, gute Liniendefinition, keine 
stérenden Nebenspektren, und auBerdem ist die Optik bei dieser Konstruktion voll 


kommen reflexfrei, und die Lichtverluste durch Reflektion und Absorption sind 
geringer als bei anderen Quarzspektrographen 

Um eine in jedem Falle ausreichende Dispersion zur Verfiigung zu haben, wurde 
Modell. welches heute serienmaBig gebaut wird, eine 


bei dem beschriebenen 


Fig.3 Quarzspektrograph B4, mit Feéry-Prisma Arbeitsbereich 2000 LO0OO0 A 


Kamerabrennweite von 3600 mm zugrunde gelegt, wobei sich folgende Dispersions 


werte ergaben 


hei 2200 A 
bei 2500 A 
bei 2800 A 
bei 3200 A 


Das gesamte Spektrum von 2000—10000 A kann auf einmal auf 35-mm-Normalfilm 
aufgenommen werden, wobei bis zu 15 Einzelspektren auf einer Filmlange Platz 
finden. 

Die grobe Dispersion ermdglicht es ferner, eine Serie Photozellen fiir direkte 
Intensitatsmessungen auf der Brennkurve anzuordnen, so daB das Gerit wechsel- 
weise fiir photographische und fiir direkte Messungen verwendet werden kann. 


Diskussion 
H. Kaiser fragt nach dem Astigmatismus des Féry-Spektrographen und dem 
Grund, weshalb dieses Prisma gewahlt wurde. 

B. antwortet: Da die Anordnung von Spalt, Prisma und Brennebene (bzw 
Brennkurve) in einem Féry-Spektrographen die gleiche ist wie in einem Gitter 
spektrographen und alle diese Elemente auf dem Rowland-Kreis liegen, befindet 
man sich auch was den Astigmatismus anbetrifft, in der gleichen Lage. Der Astig 
matismus eines Féry-Spektrographen ist demnach weder gr6éBer noch kleiner als der 
eines gleichartigen Gitterspektrographen. Im iibrigen wurde dem Féry-Prisma der 
Vorzug gegeben, weil es reflexfrei ist und weil man infolge Wegfall des Objektives 
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Uber einige Verbesserungen an den Apparaturen fiir die spektrochemische Analyse 


auch Apparate mit sehr groBen Prismen bauen kann, so daB trotz der langen Brenn 
weite das Offnungsverhiltnis und das Auflésungsvermégen in jeder Weise ausreichend 
sind. Auf die weiteren Vorteile dieser Konstruktion wurde bereits eingegangen 


Summary 


Most laboratories of the European metallurgical and mechanical industry are still equipped 
with medium-dispersion spectrographs These equipments, although they meet the require 
ments of qualitative and quantitative analysis of non-ferrous metals and alloys, plain steels 
and cast-irons, can be improved and modernized by advances recently achieved in the field 
of excitation, as well as in that of observation and measuring devices 

The latest models of controlled-spark generators work with a capacity ranging from 10000 
to 12000 pl 1s compared with the 3000 to 6000 pF obtainable from pre-war models. This 

| as other improvements ake it possible to obtain better, more dependable results 
shortening the pre sparking time, and consequently the time required for 
quantitative ; jalysis 

Also the he interrupted arc, whose adoption was stalled by the war, has bee 
idvanced by the recent introduction of a number of improvements. The intensity of the 
ire current has been raised to 15 Amp, special mechanical and electric devices having been 
developed through which the burning and rest time can be varied from one-twentieth of a 
second to five and a half seconds Consequently, the most suitable excitation temperature, 
is well as the most advisable rest time to let the electrodes cool down can now be selected for 
each type of analysis. Reproducibility of results is not inferior to that obtainable with spark 
generators 

The Double Projector makes it possible to view close to each other, or even to superimpose, 
two spectra trom separate plates thus making it possible to obtain rapidly a dependable 
qualitative determinatio: 

\ very high degree of sensitivity has been reached with microphotometers owing to the 
idoption of modern types of photoelectric cells, which measure both extremely thin and dense 
lines with considerable precision 

\s far as the spectrographs are concerned, a high degree of dispersion is required in the 
inalysis of alloy steels and of several other ferrous materials An improvement in this field 
has been achieved by adopting a curved-surface prism in which the high dispersion is asso 
ciated with the advantage of marked luminosity, extreme sharpness and complete absenc« 


of ghost spectra and scattered light An accessory for direct quantitative measurement by 


means of a set of photocells can » useful for routine analyses 


Schrifttum 
BUckertT, H Ein ne Bogengerat. Spectrochim. Acta 1952 4 (6) 525. [2] Bickert, H 
s Auswertegerat fiir e spektrochemische Analyse. Spectrochim. Acta 1952 4 (6) 476. 
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Nouvel appareillage simplifié utilisable pour lecture directe 


J. ORSAG 


Service des Recherches de la Cie Pechiney & Chamber 


Les besoins d’analyse rapide de la Compagnie Pechiney ont été, comme on le sait 
a lorigine de la construction du spectrographe a lecture directe étudié en collabora 
tion, et actuellement fabriqué par «Radio-Cinéma»; plusieurs conférences ont déja 
décrit les principes, la réalisation et les résultats de cet appareil. Par sa construction 
cet instrument peut analyser n’importe quel alliage 4 un nombre méme trés élev 
d’éléments d’addition. 

Cependant la Com pagnie Pechiney a plusieurs usines ne produisant que de 
Aluminium, a l’exclusion des alliages. Pour controler la fabrication de ces usines 
il suffit de connaitre a chaque instant la teneur en Fer et Silicium de |’ Aluminium 
produit. 

Un appareillage fut done créé par Radio-Cinéma, qui réunit la robustess« 
la simplicité requises. Cet appareillage comprend 

1. un générateur construit par Mr. Durr, a étincelle pilotée (ce qui est indispe 
sable pour la pureté du spectre) et disposant des 3 réglages: 0,80, et 320cm de Se 
4500 cm de capacite. 

2. le spectrographe déja décrit en détail par son constructeur, Mr. Cogan de la 
S.G.O. et dont nous rappelons les caractéristiques: deux prismes de 60° dispersant 
la région 2145—6000 A sur 103 mm, luminosité d’environ F/14, grand pouvoir de 
résolution, faible inclinaison de la plaque sur l’axe de l’objectif de chambre (32 
Coudé a 90°, l'appareil est trés petit et trés robuste 

Le chassis photographique de cet appare il peut s effacer en quelques secondes 
et étre remplace par une téte de lecture simple comprenant 2 multiplicateurs 
d’électrons fixes, une série de fentes également fixes, et des miroirs placés de telle 
sorte qu’ils réfléchissent la lumiére incidente sur les multiplicateurs. 

Pour des raisons d’encombrement et de simplicité, on n’enregistre que la radiation 
de |’élément de base par l’un des multiplicateurs, et les radiations des 2 ou 3 éléments 
par l'autre 

En se limitant ainsi, l'appareil reste trés robuste et peut étre manipulé par un 
personnel sans aucune spécialisation. 

Par lecture directe, on peut donc analyser n’importe quel alliage donnant des 
spectres simples (alliages légers de |'Aluminium, du Magnésium; Cuivre; Laitons 
et Bronzes; alliages de Pb, Sn, Zinc); bien entendu, cet appareil n’est pas destiné 
a l’'analyse des alliages complexes, ou des alliages dont le métal de base A beaucoup 
de raies 

L’emploi général, sur plaque photographique, reste possible et facile ; en quelques 
secondes on peut remplacer la téte de lecture directe par un chassis photographique 
et inversement. Sur plaque photographique on peut étudier tous les alliages dont 
la complexité de spectre reste compatible avec la dispersion de l'appareil 





J.Orsac: Nouvel appareillage simplifié utilisable par lecture directe 


Un petit densitométre compléte cet appareillage. 

L’amplification et l’enregistrement des courants photoélectriques des multipli- 
cateurs d’électrons se feront de la méme maniére que sur le grand équipement déja 
décrit. 


Résumé 


Les analyses métallurgiques de la Cie Pechiney seront obtenues par deux équipe 
ments identiques en leur principe, et ne différant que dans leur réalisation. Les 


deux appareils peuvent enregistrer des spectres par lecture directe ou par photo 
graphie et utilisent les mémes cellules et le méme amplificateur. Mais l'un, trés 


simple, n’analysera que 2 ou 3 éléments constituant les impuretés de |’Aluminium; 
trés robuste, on pense que les contremaitres des usines pourront controler, avec son 
aide, la production routiniére d'une usine. 

L’autre appareillage, déja décrit, peut analyser un nombre quelconque d’élé- 
ments, et son emploi sera étendu aux métaux a spectres complexes (aciers par 
exemple) dés que les spectrographes a grande dispersion, que cet emploi rendra 
nécessaires, seront construits. 


Summary 


The outfit consists of a controlled spark unit by Durr which gives a spectrum of satisfactory 
reproducibility and a two-prism spectrograph of aperture //14, giving a spectrum 103 mm 
long from 2145 to 6000 A 

The plate holder can be replaced in a few seconds by a reading device having two fixed 
electron multipliers, a series of fixed slits, and mirrors to reflect the light on to the multiplier 
cells. One cell reads the radiation from the base element, the other that from two or three 
alloying element lines in turn. Metals with simple spectra such as copper and aluminium 
alloys can be directly analysed in this way. The use of photographic methods remains possible, 
and can be made more accurate by a specially devised simple densitometer. 
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L’influence de l’énergie mise en jeu dans la décharge et du caractére de cette 
décharge sur l’emission des raies spectrales 


G. BRUCELLE 


Laboratoire Central de l’'Armement Paris 


Application au dosage des basses teneurs dans les Aciers 
On s'est d’abord proposé de vérifier dans ce travail l’hypothése suivante: La solu- 
tion la plus naturelle est la solution de facilité. Conséquence: 

L’énergie mise en jeu dans |’étincelle du générateur empruntera pour se dissiper 
le chemin le plus facile. Autrement dit, si cette énergie est relativement faible, elle 
s’écoulera plutot dans les radiations de faible potentiel d’excitation plus faciles 
a produire. 

Si l'on augmente cette énergie, celle-ci devenant plus considérable, la voie la 
plus facile (radiations de faibles potentiels d’excitation) deviendra plus encombrée 
et l’énergie se rabattra plus fortement, pour se dissiper, sur la seconde possibilité, 
c’est-a-dire les radiations correspondant 4 un plus grand potentiel d’excitation. 
L’intensité de celles-ci augmentera toutes proportions gardées plus fortement que 
celle des radiations a faible potentiel d’excitation. 


Conséquences pratiques dans le cas de la décharge du générateur 

Un accroissement de l’énergie sous forme d’augmentation de la capacité, ou de la 
tension dans |’étincelle, facilitera |’émission de raies plus difficiles a exciter. Autre 
ment dit, si l’on considére un couple de raies de natures différentes, constitué par 
une raie d’arc (atome neutre) et une raie d’étincelle (atome ionisé) d’un méme 
métal, l’émission de cette derniére, qui a un potentiel plus élevé, sera relativement 
plus renforcée par l’augmentation d’énergie et son intensité sera plus fortement 
accrue. La différence de densité des deux raies caractérisée par le logarithme du 
rapport R des déviations du galvanométre du microphotométre sera affectée en 
conséquence. Si la raie d’étincelle figure au numérateur, son intensité augmentant 
plus fortement, toutes proportions gardées, avec |’énergie, son noircissement sur la 
plaque photographique augmentera, la déviation du galvanométre sera plus petite 
et le rapport R diminuera; si la raie d’étincelle est au dénominateur, le rapport 
R augmentera. 

La régle s'appliquera également a un couple de raies constitué par deux raies 
d’étincelles de degrés d’ionisation différents et également a deux raies de méme 
nature mais appartenant a des métaux dont les potentiels d’excitation sont différents, 
par exemple zinc et fer. 


Materiel utilisé pour les essais 
Spectrographe Zeiss Qu 24, 
Générateur d’étincelle de Mr. Durr, type France, 
Schnellmicrophotometer Zeiss, 
Electrodes cylindriques de 3 mm irradiées pendant |’émission par une lainpe 4 vapeur de 
mercure. 
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(ugmentation de la valeur de la capacité du générateur 
roissement d’énergie a ete obtenu par une augmentation de la capacité dont 
fait passer la valeur de 3300 a 9900 picofarads, les autres conditions de l’émis 


unt constantes. Toutefois le temps de pose a été réduit de facon a maintenir 


la méme valeur l’intensité générale des spectres étudiés 


effectués au moven de deux aciers: l'un au carbone. l'autre 


es de raies ont été examines. Ils étaient constitués par deux raies voisines 
tal (fer) ou par une raie de |’élément de base et une raie de dosage de 
d’addition. [ls se répartissent de la facon suivante 
natures différentes 
avant des potentiels d’excitation trés voisins 


d’étincelle ayant des potentiels d’excitation tres 


uxX raies dar appartenant re spective ment a des métaux 


sez differents 


iations du galvanomeétre a varie dans 

1ugment energie dissipee dans l’étincelle 

ircuit, l’intensité de la raie d’atome 

la raie l'atome neutre, alors que la valeur du 
as quand on considére deux raies de méme naturs 


se sont produites mais on a observe qu alors 


idiquée par HARRISON comme étant, soit diffuse 


is la radiation tend a étre absorbée par les vapeurs 
d’autant plus absorbée que l’énergie mise en jeu 
yn intensité se trouvera diminue 
constate 
tres d’acier donnant lieu a de nombreuses raies perturbatrices génant 
ide du phénomeéne a cause du grand nombre de raies omposant le spectre 
1 pouvoir de résolution relativement faible du spectrographe dont nous 
Zeiss Qu 24, l'étude a été complétée au moyen d'un alliage léger: dur 


un alliage de zit zamak., dont les spectres sont relativement peu ri hes 


ionise et par une rae dare 
deux fois ionisé et par une raie d’ars 


deux fois ionisé et une raie d’atome une fois ionise 


une rare d atome une fom lon 
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L’influence de l’énergie mise en jeu dans la décharge et du caractére de cette décharge 


Les variations de R se sont toujours produites dans le sens prévu, compte tenu 
des remarques faites précédemment quand il y a reversibilité d’une raie. On a con- 
staté que les variations de R sont plus fortes quand la différence dans |’état d’ionisa 
tion des raies est plus grande (cas d’une raie deux fois ionisée et d’une raie d’arc). 


Augmentation de la tension dans la décharge 
L’accroissement d’énergie a été obtenu cette fois par une augmentation de la 
tension au secondaire. 
La plaque photographique a été déplacée d’une facon continue au moyen d’une 
commande mécanique. La durée totale du déplacement a été fractionnée de facon 
a enregistrer des spectres correspondant a des tensions croissantes de 8000 a 12000 v 


Le temps d’exposition a été choisi de fagon a& ce que les densités optiques des 


raies examinées se trouvent toujours dans la partie rectiligne de la caractéristique 
de l’émulsion photographique employée : 

Les résultats obtenus avec |’échantillon de duralumin précédemment utilisé 
sont les suivants: 





Couple Couple 
AL IIT 3601,63 AL III 3601,63 
Al I 2652,48 Al II 3050,07 


Té nsion Gu 


secondaire volts 


8 000 R = 0,52 R = 0,24 
9000 0,46 0,22 
10000 0,40 0,18 
11000 0,28 0,14 
12000 0,27 0,14 





On voit que l’augmentation d’énergie sous forme de |’accroissement de la tension 
au secondaire produit le méme effet qu’un accroissement de la capacité. Conformé- 
ment au principe posé précédemment la raie la plus ionisée est plus excitee par 
rapport 4 l’autre et R diminue. La stabilisation du rapport a partir de 11000 v 
est probablement die a la saturation de la raie 3601,63. 

Il faut reconnaitre cependant que, dans ce dernier cas, ot: |’on augmente |’énergie 
par accroissement de la tension au secondaire, on augmente aussi le caractére d’étin- 
celle de la décharge. 


Caractére de la décharge du générateur du type Feussner 
Le spectre du fer Hilger a été enregistré en formant un are continu 110 v de faible 
intensité: 2amp, et une étincelle du Feussner avec C = 3300 picofarads; L = 800 
et 80 microhenrys; 7's 12000 v 
‘ 2926.5 
Le couple F i OP a été étudié. 
Fe I 3083.74 
On a obtenu pour une moyenne de trois spectres: 
Are continu, de faible intensité 2,57, 
Etincelle L1 Cl 0,57, 
Etincelle L 1/10 Cl 0,27 
L’étincelle du type Feussner favorise |’émission de la raie d’étincelle Fe II 2926,58 
au détriment de celle de la raie d’arc Fe I 3083,74 et par suite R est sensiblement 





G. Bruce. 


plus petit dans la décharge du Feussner. I| décroit encore quand on augmente k 
caractére d’étincelle de la décharge en diminuant la self 
La décharge du Feussner, dans les conditions normales L1 Cla donc bien un 


caractére d’étincelle 
Augme ntation de la valeur de la self du circuit de dé harge 


On a cherché a diminuer le caractére d’étincelle de la décharge en se rapprochant 
du caractére d’arc par |'augmentation de la self du circuit de décharge. On a fait 


varier le temps de pose de fagon a maintenir constante |’intensité générale du spectre 


Les mesures de R# sur les deux couples déja utilisés ont donné pour le duralumin 
21200 les résultats suivants 





yuu ple ( yu ple 
aleur de la sel} Al IIT 3601,63 Al IIT 3601,63 
Al I 2652.48 Al Il 3050,07 


800 microhenrys 0,26 0,12 
0.40 0,17 
0,45 0,23 





L’augmentation de R montre que |’émission de la raie d’arc ou de la raie moins 
ionisée est favorisée par rapport a celle de la raie fortement ionisée quand on aug 
mente le caractére d’arc de la décharge 


Effet de laccroissement de Pénergie dans l’are 
Des essais ont été effectués en augmentant sensiblement |’énergie dans |’arc en 


portant son intensité de 2 a 10 amp 
Fe II 


Be les valeurs suivantes 
“ 


On a obtenu pour un couple mixte de raies du fer 


pour R 


Are continu faible intensité 110 v 2 amp 6,65 


Are continu forte intensité 110 v 10 amp 2,18 
Etincelle normale Feusener: L 1—C 1 2,10 
Etincelle Feussener L1/10—C | 0,80 
On constate don 
1. L’accroissement de |’énergie dans |’arc favorise également |’émission des raies 
d’étincelle plus difficiles 4 exciter et dont le caractére ne correspond pourtant pas 
a l’émission 
2. L’are continu a forte intensité et l’étincelle du type Feussner avec les condi 
tions habituelles L1—C1 semblent se comporter de la méme facon au point de vue 
de l’émission des raies dites d’étincelle. 


Conclusions 
L hy pot hese faite sul la re partition de l’énergie dans l’émission des raies sper trales 
s'est confirmés 
Une augmentation de l’énergie mise en jeu dans |’étincelle favorise |’émission 
des radiations plus difficiles 4 exciter et l’intensité des raies « orrespondantes est plus 
fortement accrue que celle des autres raies dont le potentiel d’excitation est plus 
faible. L’inverse se produit quand |’énergie dans |’étincelle diminue. Ce phénoméne 
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L'influence de |'énergie mise en jeu dans la décharge et du caractére de cette décharge 


a été également constaté par Mr. Tricne (Colloque de Strasbourg) qui en cite l’ap 
plications dans |’émission du sulfure de fer et du fer métal dans laquelle les raies 
de l’atome neutre sont renforcées par rapport aux raies de l’atome ionisé pour le 
sulfure 

L’accroissement de l’éne rgie dissipée dans |’ar¢ favorise également l’émission 
des raies d’étincelle 

Il y aura donc intérét a rechercher, pour augmenter la précision des analyses 
des couples de raies de méme nature, ceux-ci étant moins sensibles aux variations 
qui se produisent généralement au cours de |’émission 

La décharge d’un générateur du type Feussner a bien dans les conditions habitu 
elles C = 3300 picofarads, L = 800 microhenrys, un caractére d’étincelle. Ce ca 
ractére d’étincelle est sensiblement augmenté quand on réduit la valeur de la self 
du circuit de décharge et inversement 


Application au dosage de basses teneurs dans les aciers 

La quantité d’énergie étant comme nous venons de le voir, le facteur primordia] 
contribuant a l’émission des raies spectrales, nous avons pensé qu'il y aurait intérét 
dans le cas du dosage des basses teneurs a utiliser cette donnée pour avoir la plus 
grande sensibilité dans ces dosages et d’employer de préférence l’arc dans ce cas 
particulier 

En effet la quantite d’énergie instantanée d E/dt déve lopper pal l’arc est beau: oup 
plus grande que celle produite par |’étincelle L’on obtient par exemple le méme 


1" mulsion | } otographique pour une rak dét rminee avec un té mps 


noircissement de 
d exposition 7 a & foils pl court avec un arc moyen d intensité¢ 2 amp qu avec 
l’étincelle Feussner dans conditions habituelles 

Comme il s'agit dans le cas des basses teneurs d’accroitre le plus possible l’inten 
sité de raies faibles se trouvant prés du seuil de |’émission, l’arc devait. semble-t-j] 
donner de meilleurs résultats 

Des essais comparatifs ont done été effectués en utilisant d’une part 

L’étincelle obtenue dans les conditions suivantes 

Générateur d’étincelle, type France construit par Mr. DurRk avec conditions 
habituelles 

Capacité 3300 picofarads, self 800 microhenrys 

Tension de large du condensateur 10000 v 

L’are a été obtenu au moven de l'ensemble des deux générateurs: France et 
Gams. C’est un are interruptif unidirectionnel de fréquence 50—Intensité 2 amp 


Dans TOUS NOS essalis le 3 te mps ad ¢ xposition ont ¢ ( hoisis en sorte que le Ss cle n 


sites optiques ce S Traies de dosage corresponds nt a la partie rectiligne de la caracts 


ristique des émulsions pl otographique Ss employees 


y 


Dosaa dau mol ybde re 
Les essais ont été effectués en se référant aux deux couples suivants 


a) Raies d’atomes neutres 
[ 3205.40 


D) Raies d itomes 1onises 





G. BrRuce.LLe 


Seule l’émission a l’arc a permis de réaliser au moyen de la raie d’atome neutre 
3170.54 le dosage correct du Molybdéne au moins jusqu’a 0.02 % 

L’émission par étincelle en se référant pourtant a la raie ultime VI de l’atome 
ionisé 2816,15 donne une droite de dosage limitée inférieurement a 0,18% et qui 
s incurve fortement a partir de 0,15 % 

A plus forte raison, si l’on se référe a la raie Mo I 3170,34 l’émission a caractére 
d’étincelle ne donne pas de résultats satisfaisants 


Dosage du silicium 
Le dosage avec le couple de raies d’atomes neutres 
Fel 2518.10 
Sil 2516,12 
est réalisable jusqu’é 0,01% a condition d’utiliser |’émission 4 caractére d’arc. 
La droite de dosage obtenue quand on utilise |’émission par étincelle s’incurve 
nettement vers 0,15 %. 


Dosage du vanadium 

On a pu obtenir une droite de dosage descendant a 0,03% au moyen des couples 
de raies d’atomes ionisés. 

Fe IIT 3154,20 

V II 3110,70 
ou avec le couple mixte: 

Fe I 3083.74 

V II 3110,70 


quel que soit le mode d’émission arc ou étincelle. 
Le couple de raies d’atomes neutres 
Fe I 4375,9 
V I 4379,2 
ne permet les dosages que jusqu’éa 0,06%, la raie n’apparaissant pas a 0,03%, 
et a condition d’utiliser nécessairement l’arc. La raie 4379,2 est pourtant la raie 
ultime VI de l’atome neutre. 

La supériorité d’un are stable comme moyen d’émission pour le dosage des basses 
teneurs s’est donc nettement affirmée. 

Des dosages de teneurs de l’ordre de 0,05% en silicium, manganése, nickel, 
chrome et molybdéne dans un fer Armco effectués derniérement au Laboratoire 
Central de l Armement de cette facon ont donné d’excellents résultats. 

Les raies de dosage utilisées sont pourtant les raies habituelles, tantét d’atomes 
neutres: Si I 2516,12 et Nil 3414,76 et tantét d’atomes ionisés: Mn II 2939,30, 
Cr Il 2677,15 et Moll 2816,15 


Conclusions 
L’émission 4 caractére d’arc, plus sensible que |’émission a caractére d’étincelle, 
est & préconiser pour le dosage des basses teneurs. Elle peut étre utilisée méme 
dans le cas ott l’on est obligé d’avoir recours & une raie de dosage d’atome ionisé. 


En effet l’émission des raies de dosage qui se trouvent au seuil de sensibilité 
est améliorée par le fait que |’énergie instantanée dH/dt développée dans I’arc est 
beaucoup plus forte que dans |’étincelle. 
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L’influence de I’énergie fnise en jeu dans la décharge et du caractére de cette décharge 
2. Il y a intérét pour ces dosages 4 choisir autant que possible des raies d’atomes 
neutres dont la nature correspond au mode d’émission recommandé: Toutefois 
on a constaté que la raie UI 4379,2 raie la plus ultime de l’atome neutre, est moins 
sensible que la raie VII 3110,70 qui n’occupe que le 3éme rang d’aprés HARRISON 
dans l’ordre de sensibilité décroissante des raies de l’'atome ionisé. Dans ce cas 
particulier ou l’on utilise une raie d’étincelle, |l’émission a |’étincelle peut donner 
également de bons résultats. 
3. Il n’est pas nécessaire que la raie homologue du métal soit de méme nature 
que la raie du métal a doser, car ici la précision de |’analyse a moins d’importance 
que la sensibilité. 

Résumé 

L’augmentation de |’énergie dissipée dans la décharge sous forme d’accroissement de la valeur 
de la capacité ou de la tension favorise dans |’étincelle du type Feussner l’émission des raies 
ionisées ou d’un potentiel d’excitation plus élevé, plus difficiles 4 exciter. 

Un aeccroissement de l’intensité dans l’are produit le méme résultat. 

L’application de cette régle a conduit A la résalisation pratique du dosage des basses teneurs 
dans les acciers jusqu’A 0,01 % en utilisant comme moyen d’émission |’are stabilisé obtenu par 
ensemble des deux générateurs France et Gams, construits par Monsieur Durr. On se référe 
autant que possible A des raies d’arc, mais les dosages sont également réalisables avec des raies 
d’atomes ionisés. En effet l’émission des raies de dosage qui se trouvent au seuil de sensibilité 
est améliorée par le fait que l’énergie instantanée dE /dt développée dans l’arc est beaucoup plus 
forte que dans |’étincelle. 

Discussion 
M. Marurev demande si, dans les essais faits par M. BRUCELLE, les temps de flambage 
et de pose étaient les mémes pour tous les essais. 


M.Marurev fait en effet observer que, dans les mesures en lecture directe et in- 


stantanée, le rapport des intensités varie preque continuellement; il en résulte que 


la valeur intégrale finale peut différer considérablement suivant la longueur du 
temps de pose de chaque essai. 
M. Bruce.ie: 1. Dans le cas ot l’accroissement de |’énergie a été obtenu par |’aug 
mentation de la capacité du générateur, le temps de pose a été réduit pour que 
lintensité générale des spectres conserve 4 peu prés la méme valeur. Mais la varia 
tion observée de rapports d’intensités des couples de raies ne provient certainement 
pas de la diminution du temps de pose, car dans le cas ot: l’on a affaire a des raies 
de méme nature ou de méme potentiel d’excitation, il n’y a généralement pas de 
variation sensible; et qu’autrement les variations ont lieu suivant les cas, ainsi 
qu’on peut le prévoir, dans un sens ou dans un autre. 

2. Dans le oas ot: |’on a fait varier |’énergie en augmentant la tension au secondaire 
du générateur, le temps de pose est resté constant et la question ne peut pas se poser. 


Summary 

The increase in the energy in the discharge of a controlled spark unit with the increase in 
capacity and voltage corresponds to the emission in the spark of ionised lines of greater excita 
tion potential. An increase in the current of the are gives the same result. One practical 
application of this is the quantitative analysis of traces down to 0-01% in steel. The source 
is a stabilised arc obtained from a combined France and GAMS generator, both these being 
units made by Durr. The analysis is made mainly with are lines but the use of spark lines 
is equally possible. In fact, the emission of analytical lines which are just strong enough 
to estimate depends on the d E/dt value and is therefore more likely to take place in the stronger 
are-like discharge. 
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Estudio espectral sobre la influencia del estado fisico en la ,, Haynes stellite 
alloy No. 30° 


JuAN MANUEL LOPEZ DE AZCONA 


Instituto Geologico y Minero de Espafia (Madrid 


La aleac 10on No. 30 de la ,, Haynes Stellite* es a base de cobalto con los siguientes 
elementos [1]: C—0,33 a 0,50; Cr—23 a 29; Ni—13a17; Mo—5a7y Fe 2%. 
Esta aleacion presenta algunas particularidades muy significativas en sus pro 
piedades fisicas con relaciOn a los tratamientos térmicos, como son, la reduccioén de 
la elongacion por ciento, a partir de los 480° para seguirle un aumento rapido desde 
los 640° y la reducciOn de area de manera andloga y para las mismas temperaturas 
Por este motivo, se inicié el estudio en curso, del efecto del tratamiento en la 


emisiOn espectral, para ello se recurrié a una excitation dentro del horno de trata 


mientos, que ataque poco a la superficie emisora y eleve la temperatura de la probeta 
en pocos grados, para que no se ejerzan cambios en la constitucién de la superficie 
excitada 

Se han obtenido varios espectrogramas entre le temperatura ambiente vy los 
1000° tanto en procesos de calentamiento como de enfriamiento y se pueden apreciar 
anomalias en la emisiOn espectral entre los 640 y 800° y a superiores de 880° C 

Las comparat ones se han estable« ido con las lineas de Cr Ni y Mo con respe to 
a las de Co y en estos momentos se estudia la interpretacién de los valores observa 
dos, pues al parecer confirman nuevamente las observaciones ya publicadas sobre 
la influencia de Ja temperatura y tratamiento de los electrodos en la emisién espe 
tral [2] 

Summary 


This investigation, still in progress, aims at studying the effect of heat treatment of the ele 
trodes on the spectrum emitted by the sample. The spectrum is recorded during the heat 
treatment, which is carried out in a special furnace, employing a source which does not alter 
the structure of the specimen 

Some emission anomalies have been observed in the ranges from 640° to 680°C, and 
above 880°C, both while heating the electrodes and also while cooling them from 1000° ¢ 
The study of these spectra will be reported in a paper 


Reference 
l Haynes Alloys for High Temperature Service’’ N 7, 1950, 96 pg. [2] Lépez pe Azcona y Ca 
mufias ; Variation du noircissement des rales spec trales des alliage s industriels pe ndant le traiternent 
thermique X*. Congrés du G.A.M.S. 1948. Lépez pe Azcona: Controk spectral du traitement 
thermique C.N.R.M Hainaut. Diciembre 1950. 45 55. 
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Spektroskopische und elektrische Messungen an Niederspannungsfunken 
JAN VAN CALKER 


Physikalisches Institut der Universitat Munster (Westfalen 


Die steigende Verwendung des PFEILSTICKERschen [1] Niederspannungsfunkens fiir 
spektrochemische Zwecke macht es notwendig, die spektroskopischen Eigenschaften 
dieser Entladungsart eingehend zu studieren. Nun besteht im Niederspannungs 
funken bei dem relativ langsamen Ablauf 
der Entladungsvorgiinge im Gegensatz zu 
anderen Entladungsarten die Mdéglichkeit 
Funkendauer und -Energie unmittelbar zu 
messen und weitgehend zu verindern, so 
daB es aussichtsreich war, an dieser Ent 


ladungsart die Abhingigkeit des spektralen 
Charakters von Energie und Zeit zu unter 
suchen Diese beiden GréBen sind, wie 


- 
"3 
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Abb. | Schaltschema des fremdgezitindeten, hoch ‘ c anordnung und Ziindfunk« 


kondensierten Niederspannungsfunkens 


K. Laqua [2] bei zwei bestimmten Energie- und Zeitwerten an kondensierten 
Feussner-Funken gezeigt hat. besonders bedeutungsvoll fiir die Ausbildung eines 
bestimmten Spektraltypus. 

Fiir die Erzeugung der Funken wurde eine Ancrdnung gewahlt, die etwa der 
von PFEILSTICKER angegebenen Schaltung entspricht. Sie wurde lediglich dadurch 
modifiziert. daB die Ziindung nicht induktiv in den Entladekreis itibertragen wurde. 
sondern Hochfrequenzfunken von einer Hilfselektrode die Entladung einleiteten. 
Hierdurch war es mdéglich, die Selbstinduktion des Kreises bis auf etwa 0,028 mH 
herabzudriicken. Durch die variable Selbstinduktion war eine VergréBerung der 
Gesamtinduktivitat in 5 Stufen zwischen 0,01 und 1,8 mH méglich. Die Kapazitat 
konnte zwischen 125 und 2000 uF veriandert werden. 

Zur Festlegung der elektrischen Parameter der Entladung wurden die Schwin 
gungsdauer, der Stromverlauf, die Brennspannung und die Ziind- und Restspannung 
gemessen. Aus diesen Daten lieB sich dann die im Funken umgesetzte Energie £, 
und die Funkendauer 0 berechnen. 
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Die Schwingungsdauer wurde durch Resonanz bestimmt. Hierzu wurde det 


Schwingungskreis bei kurzgeschlossener Funkenstrecke in Reihe mit einem rein 
Oumschen Widerstand von 300 Q an einen Hochfrequenzgenerator mit Verstirket 
angeschlossen. Bei Variation der Frequenz des Generators ergab sich im Resonanz 
fall ein steiles Maximum des Spannungsabfalls am Schwingkreis. Man kann ab 
schatzen, daB der Fehler in der bei kurzgeschlossener Funkenstrecke durchgefiihrten 
Bestimmung der Schwingungsdauer im Mittel 1,1 % betrigt. Bei maximaler Kapazi 
tat und volleingeschalteter Selbstinduktion ergab sich eine Schwingungsdauer 
von 118,0-10-*sec, bei minimaler Kapazitét und Selbstinduktion erhielten wir 
1Lll- 10~* see 

Der Stromverlauf im Funkenkreis kann aus dem Spannungsabfall an dem skin 
effektfreien Widerstand R,, bestimmt werden, der mit einem Kathodenstrahloszillo 
graphen beobachtet wurde. AnschlieBend konnte ein Hochfrequenzgenerator an 
das Braunsche Rohr geschaltet und die Ausgangsspannung so eingestellt werden, 
daB sich gleiche Amplitudenhéhe wie bei der Funkenentladung ergab. An einem 
Voltmeter konnte dann die Spannung abgelesen werden. Auf diese Weise wurden 
bei 400 V Ladespannung maximaler Kapazitéit und minimaler Selbstinduktion 
Stromstirken von 10420 A und bei minimaler Kapazitét und maximaler Selbst 
induktion von 115 A gemessen. 

Da auch die 2. und 3. Amplitude ausgemessen wurde, bestand die Méglichkeit, 
das logarithmische Dekrement und somit den Widerstand des gesamten Kreises 
einschlieBlich Funkenstrecke zu bestimmen. Es ist interessant, daB sich bei fest 
gehaltener Selbstinduktion beim Ubergang von minimaler zu maximaler Kapazitat, 
also mit wachsender Stromstirke Widerstandsverminderungen von ca. 30% ergaben, 
die allein auf Vorgiinge in der Funkenstrecke zuriickgefiihrt werden miissen. Sie 
stehen in guter Ubereinstimmung mit den aus der allgemeinen Gasentladungs 
physik bekannten Erscheinungen der fallenden Charakteristik. Die gemessenen 
Widerstandswerte betrugen im Minimum 0,02 und maximal 0,9 Q. 

Die Brennspannung konnte unmittelbar am Oszillographen beobachtet und 
durch Vergleich mit dem Hochfrequenzgenerator zu 22 V+ 10% bestimmt werden 

Um aus den genannten elektrischen GréBen auf die im Funken umgesetzte 
Energie £, und die Funkendauer 9 schlieBen zu kénnen, ist noch die Kenntnis der 
Zah! der Halbwellen in einem Funken erforderlich. Diese ]aBt sich oszillographisch 
unmittelbar beobachten, kann aber wesentlich einfacher aus der Restladung des 
Kondensators, d. h. also aus der nach beendetem Funken verbleibenden Restspan 
nung ermittelt werden. So betrug z. B. bei C 500 uF. L 0.2 mH und Lade 
spannung 400 V die Restspannung 

nach 4 Halbwellen 180 V 
nach 5 Halbwellen 138 V 
nach 6 Halbwellen 106 V 


Die Funkendauer ergibt sich nun zu 


wenn n die Zah! der Halbwellen bedeutet. 
Bei entsprechender Wah! der BestimmungsgréBen ergaben sich Funkendauern 


zwischen 354 und 2.2: 10~* se 
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Die in einer Halbwelle im Funken umgesetzte Energie ist 
r2 
E fU-ldt 
0 
Da die Brennspannung als konstant und der Stromverlauf in erster Naherung als 
sinusférmig angenommen werden darf, ist 


EB = Ups Iiyax f sinwtdt 
Up: Imax: t 
By | 


Hat der Funke n Halbwellen mit den Stromamplituden J,, J,, J, ... J,,, so ist die 


3 


gesamte im Funken umgesetzte Energie 


I, 


> 
- 


SAP 


n 


Hieraus ergibt sich bei 400 V Ladespannung der Héchstwert der Funkenenergis 
von 120 Wsec, bzw. bei 250 V Ladespannung 57,2 Wsec und der Minimalwert von 
3,17 Wsec. 

Zur Beurteilung des spektralen Charakters der Funkenentladung betrachten wit 
nach dem Vorgang von W. GERLACH das Intensitéitsverhiltnis von Funken- zu 
Bogenlinien, wobei wesentlich ist, daB die Elektroden nur aus einem Element, in 
unserem Fall Eisen, (150 


bestanden. Als Elek- ***| 
troden dienten Stab 





++ 


chen von 35mm Lange 
und5mm @ mitebener 
Endfliache. 

Zur Charakterisie 
rung der Entladung 


+ + + + 
. ee ee eet 


verwendeten wir die 
Eisenlinien 
Fel 4859,75 A und 
Fel 4525,14 A sowie 
Fe II 4923,92 A und 
Fe II 4522,63 A. 


+ +-+4 


Daraus ergeben sich 


ss! - | 235 ¢ So _| 


nun die in der ibli 





+ 
s 
Ne 


4 TIC meri. 
chen Weise bestimm ad - 67098 
unkendauer sec 


ten A Y-Werte. 1¥-Werte der Linien Fe I 4525/Fe II 4523 in Abhangigkeit 
Hinweise auf einen von Enersio und Funkendeuce. 

inneren Zusammen 

hang zwischen den bei den verschiedenen Niederspannungsfunken gewonnenen 

1Y-Werten und den Funkendauern sowie den in den Entladungen umgesetzten 


Energien E, liefert eine Darstellung in doppellogarithmischem Koordinatensystem. 
Auf der Ordinate wurde E, und auf der Abszisse 0 aufgetragen, und so jeder 
durch ein bestimmtes Wertepaar EL, und O festgelegten Funkenentladung ein be 
stimmter Punkt in diesem Diagramm mit den zugehérigen A Y-Werten zugeordnet. 
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Bei Funken mit 400 V Ladespannung ist im Diagramm ein Kreis, bei solchen mit 
250 V ein Kreuz gezeichnet. Bei den 4 Y-Werten ist jeweils das 0, weggelassen. 
Um die Abhangigkeit der A Y-Werte von £, und @ deutlich sichtbar zu machen 
wurden dann noch Linien gleicher A Y-Werte eingezeichnet 

Aus dem Diagramm ergibt sich, daB auch Niederspannungsfunken in Uberein 
stimmung mit den auf viel kleinere Energien bezogenen Messungen von K. Laqua 


gleichen spektralen Charakter zeigen, wenn in ihnen dieselbe Energie umgesetzt 


worden ist, und wenn sie dariiber hinaus die gleiche Funkendauer haben. 


ler Abfunkflache mit Energie und Zeit 


Die Leistung, d. h. die umgesetzte Energie pro Funkendauer kann in dem unter 
suchten Bereich fiir den Spektralcharakter nicht bestimmend sein, denn wenn dies 
der Fall wire, miiBten tibereinstimmende A Y-Werte auf Geraden mit einer Neigung 
von 45° liegen, denn nur auf diesen ist im doppellogarithmischen MaBstab das Ver 
haltnis E konstant 

Halt man die Funkenenergie konstant, so wird das Spektrum mit steigender 
Funkendauer immer bogenférmiger. Steigert man dagegen die Energie bei konstanter 
Funkendauer, so wird das Spektrum zunichst funkenférmiger. Dieses Verhalten 
lauft aber iiber ein Maximum, und das Spektrum wird bei weiter gesteigerter Energie 
wieder bogenférmiger 

Dieses Verhalten laBt sich deuten, wenn man die von den Entladungen abge 
arbeiteten Elektrodenoberflachen betrachtet: Die GréBe der abgearbeiteten Flache 
wiichst mit steigender Energie £, und mit kleiner werdender Funkendauer 0 

Ordnet man riun die Elektroden bei den zu der jeweiligen Entladung gehdérigen 
MeBpunkten an, so zeigt sich, daB die Elektrodenoberflachen im Bereich kleiner 
Energie- und Zeitwerte nur teilweise abgearbeitet sind. Oberhalb des Wende 
punktes der 4 Y-Kurven dagegen sind die Elektrodenoberflachen ganz abgearbeitet 
Es liegt also nahe, anzunehmen, daB das Umbiegen der A Y-Kurven eine Folge einer 
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behinderten Entladung ist, d.h. daB sich dann, wenn die Entladung die ganze 
Elektrodenoberfliche bedeckt, bei weiter gesteigerter Energie ein anomaler Ka 
thodenfall einstellt, wie dies aus der allgemeinen Gasent 
ladungsphysik bekannt ist 
Um di se Frage zu kliren, wurden Aufnahmen mit 
variiertem Elektrodendurchmesser gemacht. Zur Anregung 
wurde ein Funke aus dem Gebiet der behinderten Ent 
ladung gewahlt Innerhalb der MeBgenauigkeit blieben bei 
diesen Versuchen die Energie £, und die Funkendauer 0 
konstant, die sich somit als unabhingig vom Elektroden 
durchmesser erwiesen. Die Entladung bleibt also trotz dieser 
Variation in dem #,—O Diagramm an derselben Stelle 


An den Elektroden zeigt sich, daB diejenigen, mit 2 


4, 5 und 6mm vollkkommen abgearbeitet sind Die 
beiden kleineren sind zusammenhingend angeschmolzen 
dagegen zeigen die beiden anderen eine feinnarbige Obe1 
fliche, wie man sie auch an Feussner-Funken findet. Die 8 
und 10-mm-Elektroden sind nur noch teilweise abgearbeitet 
Die vom Funken angegriffene Stelle hat bei beiden dieselbe 
GréBe. Gleichzeitig ergibt sich, daB der Spektral harakte1 
der Entladung ausgedriickt durch die A Y-Werte sich von 

0,175 bis —0,530, also von bogenférmig zu ausgesprochen 
funkenférmig verandert 

Wir diirfen also sagen, daB im Bereich behinderter Ent 
ladung augenscheinlich ganz anomale Verhiltnisse vorliegen 
so daB auch die Laguasche Formulierung, daB Energie 


und Zeit fiir den spektralen Charakter allein bestimmend b. 5. Zusammenhang 
zwischen Abfunkflache 
und 4A Y-Wert bei Varia 
tion des Elektrodendurch- 
Zeit bereich bestatict werden konnte messers 


sind, in diesem Bereich nicht aufrechterhalten werden 
kann. wihrend sie sonst tiber einen weiten Energie- und 


Summary 


With an auxiliary electrode to trigger the spark it has been possible to obtain a spark at 
220 V d.c. with a capacity value of up to 2000 ~4F and an inductance of no more than 0,03 mH 
in the discharge circuit and intensities of up to 10,000 Amps. Current intensity, ignition 
voltage and sparking time length have been determined by the oscillograph. The corresponding 
spectra of the iron electrodes which have been used show a systematic variation of the spectral 
character of the discharge with energy and time. With the delay at the beginning of the dis 
charge at very high energy levels important deviations from the running of a free discharge 
can be observed. By decreasing the electrode diameter, the spectral characteristics can vary, 


from a spark-like type to an are-like 


Literatur 
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Ricerche spettrochimiche orientative su aleuni bronzi antichi italiani 


Dott. Renzo BaAIsTROCCHI 


Ist. di Chimica Fisica della Universita di Firenze 


In relazione ad uno studio sistematico dei bronzi antichi italiani, sono state eseguite 
presso |’ Istituto di Chimica Fisica della Universita di Firenze, sotto la direzione del 
Prof. Prccarp1, alcune analisi spettrochimiche, di carattere orientativo, su campio 
ni di diversa epoca e provenienza \iferiamo qui i risultati degli esami eseguiti su 
ampioni di bronzo prelevati dalla Fontana Maggiore di Perugia (anno 1250), dalla 
Statua di S. Lupovico del Donatello (a. 1424) e da frammenti di statue romane 
(I sec. d.C.) ed etrusche (VI—III sec. a.C.), in quanto questi risultati, a nostro 
avviso, mettono in evidenza il contributo che la ricerca spettrochimica pud portare 
alla impostazione di alcuni problemi di natura scientifica, artistica ed archeologica 
ed alla onoscenza delle relazioni economit he dei popoli nel corso dei diversi periodi 
storici 


Statua di S. Ludovico da Tolosa del Donatello 
La statua, opera in bronzo dorato del 1424, si presentava fino a poco tempo fa 
coperta da una spessa patina verdastra, la cui formazione aveva fatto credere che 
la doratura fosse scomparsa o seriamente danneggiata. Un recente restauro ha 
invece rimesso in luce la superficie originaria in ottimo stato di conservazione 
Campioni del bronzo e della patina, sottoposti all’esame spettrografico, hanno 


rivelato la seguente composizione 
Bronzo Cu Pb Ni; (Bi, Sb; Ca, Fe, Si traccie) 


Patina Cu Pb Au Si Mg, Al, Ca, Mn, Fe traccie 


Nello spettrogramma del bronzo é apparsa degna di nota la presenza di numerose 
ed intense righe del Nichel, elemento che, generalmente, si trova solo in piccole 
traccie nei bronzi di origine italiana (vedi Fot.1). Questo ci ha indotto a determinare 
quantitativamente la sua percentuale, insieme a quella dei componenti principali 
del bronzo. I risultati della determinazione, eseguita per via chimica, hanno con 
fermato la presenza del Nichel in quantita molto superiore a semplici traccie 


Cu 92,1 % Sn 6,2 % Pb 1,3 Ni 0,31° 


Poi he il Nichel non era conosciuto ull’epor a di Donatello, non 81 puo pensare che 
sia stato aggiunto con intenzione dal fonditore, ma é da ritenersi invece che 
esso fosse contenuto come impurezza nei lingotti di Rame o di lega usati nella fusione 
In Italia non esistono, d’altra parte, minerali di Nichel o industrialmente utilizzabili 
o che possano essere scambiati con minerali di Rame, come sembra sia avvenuto 
nelle miniere della Sassonia; si deve dunque concludere che il bronzo usato per la 
fusione del S. Lupovico non é diorigine italiana. E probabile che sia stato importato 
dalle Fiandre, dove in quell’epoca esistevano fonderie che fornivano bronzo gia 
allegato da rifondere 

Per quanto riguarda la patina che risulta formata da composti di Rame e di 
Piombo (con esclusione dello Stagno), ben poco si sa sulla sua formazione al di 
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sopra dello strato di oro. Fino a tempi abbastanza recenti si riteneva assurdo 
ammettere il formarsi di una incrostazione del genere su di una superficie dorata 
per cui si spiegava il fenomeno come una alterazione chimica dello strato superficiale 
del metallo nei punti in cui era venuta meno la doratura per cause fisiche 0 meccani 
che. Nel case del 8. Lupovico perd, essendo la superficie dorata uniforme ed in 
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fot. 1. Statua di 8. Lupovico 


ottimo stato di conservazione, si deve ammettere la possibilita di diffusione attraverso 

‘oro dei componenti del bronzo. A tale diffusione hanno preso parte il Rame ed 
‘ ’ . 

il Piombo, ma non lo Stagno di cui non si notano traccie nella patina (vedi Fot. 2). 
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Cavallo Romano 

Si tratta di alcuni frammenti, tra cui una testa di cavallo completa, appartenenti 
ad una statua equestre di bronzo dorato del I sec. d. C., che furono ritrovati inter 
rati nei pressi di Ancona. Le caratteristiche e lo spessore del bronzo, insieme al 
perfetto stato di conservazione della superficie dorata, testimoniano il grado di 
perfezione raggiunto in quell’epoca dalla tecnica fusoria. 

[ frammenti si presentano coperti da una patina verdastra tanto sulla superficie 
dorata che su quella non dorata; la terra, ad essi aderente, presenta pure una 
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colorazione azzurro verdastra, essendo rimasta impregnata, per uno spessore di 
alcuni centimetri, dai prodotti della corrosione del bronzo. 

Abbiamo eseguito l’esame spettrografico su campioni del metallo, delle due 

patine e della terra. Nel bronzo si é riscontrata la presenza dei seguenti elementi: 
Cu Sn Pb; (Co, Ni, Bi, Sb traccie). 


Di questi, il Cu, lo Sn ed il Pb si ritrovano pure nelle due patine e danno righe di 


alta intensita nei relativi spettri; nello spettrogramma della terra invece sono 
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Fot. 3. Cavallo Romano. 


ancora molto evidenti le righe del Cu e del Pb, ma dello Stagno appaiono solo le 
righe ultime con intensita molto ridotta (vedi Fot.3). Nello spettro di scintilla della 
superficie dorata si nota, leggera ma nettamente distinguibile, la riga 2536,51 del 
Mercurio (vedi Fot. 3 — ultimo spettr. ma). La sua presenza lascia supporre, che 
pur essendo stato usato, almeno cosi sembra, un processo di doratura a foglia, ci si 
sia in qualche modo serviti, per la sua applicazione, del Mercurio. 

La composizione quantitativa dei frammenti di bronzo in nostro possesso, 
determinata per via chimica, é risultata la seguente: 


Cu 79,3 % Sn 9,4 % Pb 10,8 %. 
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Un altro frammento esaminato presso la State University of Ohio (Stati Uniti di 
America) é risultato della seguente composizione : 
Cu 79,05 % Sn 8,10% Pb 11,41 %. 

E interessante notare il comportamento dello Stagno che, presente nel bronzo 
e nelle patine in proporzione abbastanza elevata, si ritrova solo in piccolissime traccie 
nel terreno aderente alle patine stesse. Tale fatto fa pensare che lo stagno si trovi 
nelle patine sotto forma di composto insolubile in quelle soluzioni di varia origine, 
che, infiltrandosi attraverso il terreno, hanno contribuito nel corso dei secoli a dif 
fondervi i sali di Rame e di Piombo. E probabile che esso si trovi sotto forma di 
SnO, che, secondo quanto asserisce GETTENS [1], costituisce uno dei principali 
prodotti della corrosione di bronzi da lui studiati. 

Rimane da spiegarsi la causa per la quale lo Stagno, che nel 8. Lupovico non 
era riuscito a diffondere attraverso lo strato di oro, si ritrovi in notevole quantita 
nella patina esistente al di sopra della superficie dorata dei frammenti del cavallo 
(vedi Fot. 3). Si pud supporre, data la superficie aperta e limitata dei frammenti 
esaminati, che lo Stagno non sia diffuso attraverso l’oro, ma che abbia, per cosi dire, 
camminato dai bordi al centro dei frammenti stessi; oppure, se la diffusione é effet- 
tivamente avvenuta, che abbiano influito su questo diverso comportamento le 
diverse condizioni ambientali ed il diverso tempo per il quale i due bronzi sono stati 
ad esse sottoposti. Un esame spettrochimico pit approfondito ed esteso ad altri bronzi 
antichi potra, tuttavia, fornire utili indicazioni per la soluzione di questo problema 
che presenta, indubbiamente, un grande interesse dal punto di vista chimico fisico. 


Bronzi sacri del Bagno di Sellene 

Durante scavi eseguiti nel 1868 nella zona delle Terme di Chianciano furono ritrovati 
alcuni frammenti bronzei, che un recente studio ha accertato appartenere a statue 
raffiguranti divinita protettrici delle acque salutari. Tali statue, la cui fusione risale 
ai secoli VI—II1 a.C., si trovavano in un tempio eretto dagli Etruschi per il culto 
delle acque. 

L’esame spettrografico eseguito su sei di questi frammenti ha dimostrato trattarsi 
di bronzi a base di Rame e di Stagno con percentuali molto varie di Piombo. Queste 
diversita nel contenuto di Piombo sono chiaramente apprezzabili negli spettro- 
grammi che riportiamo nella Fot. 4: l’intensita delle righe 2443,86 e 2446,18 del 
Piombo, che nei primi due campioni appare minore di quella della riga 2441,64 del 
Rame, é@ pressoche uguale nel terzo e diviene molto superiore negli ultimi due. 

Degna di nota é pure, in alcuni campioni, la presenza di notevoli traccie di 


Cobalto. La presenza di questo elemento, che non si trova in Italia, lascia supporre 


che esistessero in quell’epoca correnti di scambio commerciale tra le nostre regioni 
tirreniche e le regioni in cui il Cobalto é abbondante, per es. la Penisola Iberica. 

Le caratteristiche dei bronzi, poste in evidenza dall’analisi spettrochimica, hanno 
servito, recentemente, a confermare e completare i dati forniti dall’esame dei caratteri 
formali e stilistici nei riguardi di una attribuzione di questi frammenti a tre diverse 
statue. 

Fontana Maggiore di Perugia 

La parte in bronzo della Fontana, la cui costruzione risale alla seconda meta del XIII 
secolo, consta attualmente di due parti principali: una tazza rotonda sorretta da 
una colonna centrale ed un gruppo di tre Ninfe, che si innalza al centro della tazza. 
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La colonna e la tazza sono state con certezza fuse da un Artigiano perugino 
detto il Rosso PADELLAIO, come 
| gruppo delle tre Ninfe, invece 
llo metallurgico. Gli storici infatti 
fusioni in bronzo successive all’inizio del Rinascimento italiano 


risulta ancha da una iscrizione che circonda tutta 
la tazza rappresenta un‘incognita sia nel campo 
pul ritrovando in esso molte 


storico che in que 


caratteristiche dell 
té ndor Oo id attr buirlo ad uno st ultore di epoca precede nte al unl propendono pel 


PANNEGGIO 





GIOVANNI 0 NICOLA PISANO, ai quali appartengono 


} 
, 


OLFO DA CAMBIO, altri pet 
tte in marmo della stessa Fontana 
L’esame spettrografico eseguito su campioni prelevati dalla Tazza e dal Gruppo 
ha mostrato trattarsi di bronzia base di Rame, di Stagnoe di Piombo, che presentano 
piccole diversita di composizione, tra cui 


1 parte differenze quantitative, alcune 
I! dosaggio quanti 


la presenza di traccie di Bismuto nella tazza e non nel gruppo 
tativo dei componenti principali ha fornito i seguenti risultati 
Bror ) l jJruppo 

Cu 84,87 

en 13,65 


Pb 1,46 


si deduce che i due bronzi hanno una composizione fonda 


Dal raffronto di tali dati 
Tazza é del tipo usato normalmente per le 


ment ilmente diversa bronzo della 


OR 
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campane, e questo é logico in quanto il Rosso PADELLAIO era soprattutto fonditore 
di padelle e di campane, e si pensa che solo occasionalmente sia stato incaricato 
della fusione della Tazza; il bronzo del Gruppo, invece, ha la composizione tipica 
usata da tutti gli scultori fonditori del °400—’500, di quando cioé l’impiego delle 
armi da fuoco aveva dimostrato che la miglior lega per questi scopi era quella aggi- 
rantesi su 90% di Rame e 10% di Stagno. Si tratta dunque di bronzo da cannoni. 

Questa diversita porta a considerare molto improbabile l’ipotesi che il gruppo 
sia stato fuso dallo stesso Rosso, in quanto questo, data la scarsita di cognizioni 
metallurgiche propria dell’epoca, avrebbe certamente usato nella fusione la lega 
che dava il miglior risultato per il suo normale lavoro; si dovrebbe invece supporre, 
se considerazioni stilistiche inducono ad attribuire l’opera ad un artista del XIII 
secolo, che uno scultore fonditore di epoca successiva avesse rimodellato in cera e 
fuso in bronzo il gruppo originale che ragioni climateriche od accidentali avevano 
forse danneggiato o semidistrutto. 


Discussione 

R. Intonti: A proposito del contributo che l’analisi spettrale di emissione pud 
dare alla risoluzione di quesiti che interessano l’archeologia, ricorda i vantaggi 
dell’arco a fiamma e le applicazioni che a tal fine furono fatte nel 1937 all’Jstituto 
Fisico dell’ Universita di Monaco di Baviera, diretto dal prof. Wa. Gerace; allora 
si trattava di identificare i costituenti minerali presenti in corniole antiche varia- 
mente colorate ; con l’arco a fiamma fu possibile localizzare |’analisi a zone vicinissime 
diversamente colorate. 


L’arco a fiamma é indicato specialmente per analizzare materiale cattivo condut- 
tore come porcellane, vetri, pietre preziose. 


F. X. Mayer: Es ist erforderlich antike Bronzen u. a. auch auf Tellur zu unter- 
suchen, da z. B. die Erze aus Siebenbiirgen dieses Metall enthalten. Wir konnten dies 
an einigen Stiicken nachweisen. Daraus lassen sich Hinweise auf die damaligen 
Handelsbeziehungen ableiten. 


Summary 


Results of the qualitative Spectrochemical analyses of some antique bronze objects are reported. 


Bibliografia 
[l] Gerrens, R.J.; Bull. Fogg. Museum Art 1949 II 16-26. J. Chem. Education 1951 28 87-96. 





Pergamon Presse Ltd., London 


Uber die Eignung von Gitter- und Prismenspektrographen 
fiir spektrochemische Arbeiten 


A. GATTERER 


Astrophysikalis« hes Laboratorium der Vatikanischen Sternwarte, Castel Gandolfo 


Eine langere Studienreise in den Vereinigten Staaten bot Gelegenheit, die Instru 
mente und Methoden det spektroc hemischen Analy se daselbst kennenzulernen. Was 
gleich anfangs auffiel, war die groBe Verbreitung von Gitterspektrographen, mit 
denen im Gegensatz zu europdischen Verhaltnissen in Wissenschaft und Industrie 
gearbeitet wird. Von kompetenten Kollegen wurden die Vorziige des Gitters gegen 
liber dem Prisma geriihmt, so dab eine griindliche Untersuchung der Frage an 
geregt und schlieBlich auch ein groBer Gitterspektrograph fiir das Astrophysikalische 
Laboratorium erworben wurde 


Das Resultat dieser Erfahrungen und Studien soll im folgenden kurz mitgeteilt 
werden. Die Untersuchung gliedert sich in vier Hauptteile. Im ersten werden die 
Eigenschaften eines fiir spektrochemische Analysen geeigneten Spektrographen 
besproc hen Im zweiten und dritten soll untersucht werden, inwieweit Gitter- und 
Prismenspektrographen diesen Anforderungen entsprechen. Im vierten Teil wird 
eine kurze Beschreibung des Gitterspektrographen gegeben, der im Astrophysikali 
schen Laboratorium der Specola Vaticana aufgestellt ist 


Erfordernisse eines Spektrographen fiir spektrochemische Arbeiten 
A Optische Kige nachatte n 


a) Es ist selbstverstandlich, daB die Korrektion und feinmechanische Ausfiihrung det 
optist hen Teile erstklassig sein soll Uberdies miissen die dispergierenden Systeme 
in den Bereichen, fiir die sie verwendet werden, hohe gleichmaBige Durchlassigkeit 
bzw. hohes Reflexionsvermégen besitzen 


b) Die linieare Dispe rsion dA/ds soll fiir linienreiche Spektren (Pt-Metalle 
Seltene Erden etc.) nicht unter 5 A/mm betragen Bei mittlerer oder geringel! 
Linieuhdufigkeit oder fiir die Aufnahme von Absorptionsspektren geniigt gewohnlich 
eine Dispersion von 10—30 A pro mm. Um leichtere und genauere Wellenlingen 
messungen zu ermdglichen, soll die Dispersion fiir einen groBen Bereich méglichst 
homogen sein 

Die Auflésung 4A sollte fiir linienreiche Spektren nicht unter 0,3 A betragen 
fiir linienarme geniigen in der Regel 3—6 A, unter Umstinden auch 10—20 A 

d Wenn moglic h sollte das sildfeld eben sein, um die Anwendung der teueren 
und gebrechlichen extradiinnen Platten zu vermeiden 

e) Die Lichtstarke, die vor allem von Offnungsverhdltnis abhingt (d//). sollte 
auch bei groBber Dispersion wenigstens 1:30 betragen, bei mittlerer und kleiner 
linearer Dispersion etwa 1:15 bis 1:3 





Uber die Eignung von Gitter- und Prismenspektrographen 


B. Mechanische Eigenschaften 
a) Zu wiinschen ist : kompakte Konstruktion und robuster Aufbau. Die Lichtfiihrung 
im Kollimator sollte der Lichtfiihrung in der Kamera méglichst parallel liegen, 
was meist durch Einschaltung entsprechender Reflexionssysteme (Spiegel oder 
Prismen) unschwer zu erreichen ist. 

b) Das Baumaterial soll widerstandsfaihig und haltbar sein, insbesondere die 
dispergierenden Systeme: Prismen, Linsen, Gitter. 

c) Bei groBen Instrumenten, die nur Teilbereiche des Gesamtspektrums auf 
nehmen, sollte die Umschaltung auf die Einzelbereiche leicht und schnell mit ge- 
niigender Genauigkeit der Justierung erfolgen kénnen. Vollautomatische Apparate 
wiirden sich am meisten empfehlen. 


II. Inwiefern entsprechen die modernen Prismenspektrographen 
diesen Anforderungen ? 
Uberlegen wir die Vor- und Nachteile dieses Spektrographentyps. 

A. Als Vorteile werden geriihmt: 

a) Hohe Lichtstirke. Das Prisma erzeugt nur ein Spektrum, so daB die gesamte 
Strahlung der Lichtquelle nach Abzug der Absorptions- und Reflexionsverluste 
in der Abbildung des Spektrums wirksam wird. Diese Verluste sind allerdings 
manchmal recht bedeutend, so daB man fiir jedes Gebiet die geeignete Prismen- 
substanz auswahlen muB. 

b) Freiheit von Stérlinien, die es erméglicht auch recht schwache Linien fiir die 
qualitative Analyse (Spurensuche) zu verwenden. Es treten zwar auch bei Quarz 
apparaten nicht selten schwache Begleiter starker Linien auf (symmetrisch auf 
beiden Seiten oder auch nur auf einer Seite). Sie sind aber sehr nahe der Hauptlinie 
und als unreelle Begleiter leicht zu erkennen. (Vgl. Ric. Spettr. 1940 1 115-121.) 


c) GroBe Dispersion und entsprechend hohe Auflésung gegen kiirzere Wellenlangen, 
bei Glas im Blau und Violett, bei Quarz im kurzwelligen Teil des Ultraviolett. Es 
lassen sich in diesen Gebieten mit mittleren Prismeninstrumenten leicht Leistungen 


erzielen, die erst mit groBen langbrennweitigen Gitterinstrumenten erreichbar sind. 
Dabei hat das Quarzprisma im UV noch den Vorteil, daB bei der kiirzeren Brenn- 
weite der Weg in der absorbierenden Luft bedeutend kiirzer ist als bei den groBen 
Gitterspektrographen. 

d) Kompakter Aufbau \éBt sich durch Einbau guter ebener Spiegel nach der 
Anordnung von MANNKOPFF leicht erreichen, so daB die schmalen Spektrographen 
wenig Raum beanspruchen. Quarzprismen und Quarzlinsen zeichnen sich durch grofe 
Haltbarkeit aus. Hilger, Bausch & Lomb und Zeiss liefern vollautomatische Spektro- 
graphen fiir das sichtbare Gebiet und das Ultraviolett, mit praktisch ebenem Bildfeld. 

Dank dieser Vorziige finden Prismenspektrographen sehr haufig Verwendung bei 
spektrochemischen Arbeiten, besonders wenn mit mittlerer oder kleiner Dispersion 
gearbeitet wird. 

B. Den unbestreitbaren Vorziigen dieser Instrumente stehen aber auch einige 
Nachteile gegeniiber, die im folgenden erwahnt werden sollen. 

a) Fir verschiedene Spektralbereiche sind verschiedene optische Materialien notig 
Fiir Infrarot, Steinsalz, Sylvin und Quarz, fiir das sichtbare Gebiet Glas, fiir das 
Ultraviolett Quarz, FluBspat. 
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Der Arbeitsbereich der verschiedenen Prismensubstanzen ist aus der Abb. 1 
zu ersehen 
Svilvir 210000 3800 A Quarz 35000 IRS50 A 
Steinsalz 170000—2000 A Flintglas 10000-—3400 A 
Flubspat 9000-—1250 A 
Steinsalz wire an sich das geeignetste Prismenmaterial, das das Gesamtgebiet von 
170000—2000 A zur Abbildung bringen kénnte, doch ist seine Dispersion im lang 
welligen Bereich verhaltnismaBig gering und insbesondere seine Haltbarkeit im 
Laboratorium beschriinkt. Was letztere Eigenschaft betrifft, ist uniibertroffen 
Quarz (Kristallquarz und Quarz 
glas) 
b) Die Dispersion des Pris 


menspektrums in bezug auf A ist 


0.58944 


nicht normal. Sie ist fiir lange 
Wellen etwa 10—20mal kleiner 
als fiir die kurzen. Ebenso ist 
auch das Auflésevermégen bei 


Calcium Fluoride | (Fluorite) langen Wellen viel kleiner als 
fiir kurze 


0.38 


7 c) Die Verluste durch Streu 
on licht 


Absorption und Reflexion 
0.38 | 10 i sind in der Regel bei Prismen 

apparaten ungleich gréBer als 

bei guten Gitterspektrographen, 

Abb. 1. Ginstige Arbeitsbereiche und relative Dispersior wodurch die oben erwihnte gute 


verschiedener Prismensubstanzen Aus G. R. Harrison, Lichtstarke der Prismeninstru 
4 . < . . 
Lorp and J.R. Loorsovrow: Practical Spectroscopy, 


New York 1948. 8.51 mente unter Umstinden stark 


vermindert werden kann 

d) Die Umschaltbarkeit auf die verschiedenen Bereiche ist bei Me hr prisme nappara 
ten ziemlich umstdandlich. Es miissen zugleich geindert werden: Minimumstellung 
fiir Prismen und Kamera, Fokussierung und Neigung der Platte zur optischen Achse 
eventuell auch die Plattenkriimmung. Bei den neuesten Apparaten sind ja diese 
Nachteile durch automatische Einstellung vermieden, doch ist die Herstellung der 
betreffenden Mechanismen kompliziert und kaum ohne Nachteil fiir die Giite der 
Abbildung und die Haltbarkeit der Konstruktion 


Ill. Vor- und Nachteile der Gitterspektrographen 

A. Als Vorteile dieser Instrumente seien erwahnt 

a) Auch bei groBen Instrumenten ist der Bereich, der mit einer Einstellung auf 
genommen werden kann, im allgemeinen viel gréBer als bei Prismeninstrumenten 
Ein Film von 40 cm Lange wird z. B. bei linearen Dispersionen von 5 A/mm scharf 
ausgezeichnet, was einem Gebiet von 2000 A entspricht 

b) Die Dispersion ist nahezu homogen besonders in der Nahe der Gitternormalen 
was die Wellenlangenmessung bedeutend erleichtert, da man iiber weite Strecken 
ohne merklichen Fehler linear interpolieren kann 

c) Die Auflésung betragt bei gréBeren Apparaten in erster Ordnung leicht 0,3—0,2 A 
fiir den ganzen Spektralbereich. 
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d) Die Justierung der einzelnen Bereiche ist je nach der gewahiten Gitteraufstellung 
verschieden, aber im allgemeinen einfacher und genauer als bei Prismeninstrumenten 

e) Die Anschaffungskosten sind geringer als fiir Prismeninstrumente gleicher 
Leistung. Originalgitter sind zwar kostspielig (300—1000 $) aber es sind auch gute 
Gitterkopien erhaltlich zu wesentlich billigeren Preisen. Ein Gitter geniigt zudem 
fiir den ganzen Bereich von 10000—2000 A, wihrend zur Erfassung des gleichen 
Gebietes mindestens zwei Prismeninstrumente nétig sind 

B. An Nachteilen der Gitterinstrumente waren zu erwaihnen: 

a) Im allgemeinen geringere Lichtstirke, was damit zusammenhangt, daB sich 
das einfallende Licht auf mehrere Ordnungen verteilt. Bei neueren Gittern ist 
allerdings dieser Nachteil kaum bemerkenswert, da es gelingt durch spezifische 
Formierung der Furchen etwa 80% des einfallenden Lichtes z.B. im Spektrum der 
ersten Ordnung zu vereinen. Auf diese Weise erreicht man auch bei groBen Gitter 
instrumenten die Lichtstirke von Prismenapparaten gleicher Leistung. In manchen 
Gebieten, z. B. im UV kann sogar der Gitterspektrograph bei einer Offnung von 
1:20 bis 1:30 bedeutend lichtstirker sein als das entsprechende Prismeninstrument 
wozu auch das geringere Streulicht beitrigt. 

b) Das Auftreten der ,.Geister‘‘, besonders der Rowland-Geister. Es handelt sich 
um eine allgemeine Krankheit der Gitterspektrographen, die auf periodische Fehler 
bei der Herstellung zuriickgeht. Bei guten modernen Gittern ist allerdings das 
Ubel nicht tragisch, da die Intensitaét dieser Geister weniger als 0,1% der Intensitat 
der erzeugenden starken Linie betriigt. AuBerdem liegen die Geister symmetrisch 
zur erzeugenden Linie und ihre Wellenlinge laBt sich fiir jeden Spektralbereich 
einfach und genau berechnen. Auch die sog. Lyman-Geister sind schwach und deren 
Vorhandensein 1a8t sich durch visuelle Priifung des Gitters mit einer Lichtquelle 
die wenige aber intensive Linien aussendet (Hg) leicht feststellen. Immerhin kénnen 
die Geister bei einer Spurensuche hinderlich und lastig sein, da sie mit Linien von 


Spurenelementen verwechselt werden kénnen oder wirklich vorhandene Spuren 


linien verdecken. 

c) Die Spektren der verschiedenen Ordnungen tiberdecken sich teilweise. Um sie 
rein zu bekommen, ist die Verwendung passender Filter und entsprechend sensibili 
sierter Platten nétig, was bei der Aufnahme héherer Ordnungen oft nicht ganz leicht 
zu erreichen ist und auBerdem die Lichtstarke vermindert. 

d) Astigmatismus der Abbildung. Er tritt bei allen Konkavgittern auf und 
auBert sich wesentlich darin, daB die vom Gitter reflektierten Strahlen zwei ver 
schiedene Brennpunkte haben; einen primiaren F, der Strahlen, die in der Ebene 
des Rowland-Kreises liegen, in welchen die Spektrallinien ihrer Breite und gegen 
seitigen Lage nach scharf abgebildet werden, waihrend ihre Lange nicht der Héhe des 
erzeugenden Spaltes entspricht. Jeder Punkt des Spaltes wird in F, zu einer verti 
kalen Linie endlicher Lange auseinandergezogen. Die erzeugende Spalthdéhe wird 
dagegen richtig und scharf abgebildet im sekundaren Fokus F,. Als Folgerungen 
dieses Verhaltens sind zu erwihnen: 1. Geringe Lichtstairke. 2. Die Schwirzung det 
Linien in ihrer Langsrichtung ist am intensivsten in der Mitte und nimmt gegen 
ihre Enden ab. 3. Die Anwendung der Stufenblende und des Stufensektors ist nicht 
ohne weiteres méglich. 4. Strukturaufnahmen der Lichtquelle, z.B. der Kathoden 
glimmschicht, kénnen nicht ausgefiihrt werden. Der Nachteil laBt sich bis zu einem 
gewissen Grade beheben durch eine spezielle Anordnung von SrrKs oder tiberhaupt 
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Spiegel auf das Gitter reflektiert und von dort auf die photographische Platte. Da 
die Behebung des Astigmatismus exakt nur in der Nihe der Gitternormale erfolgt. 
ist das Gitter auf einer starren Metallschiene derart befestigt, daB es normal auf der 
Schiene steht und die Schiene exakt in der Richtung der Gitternormalen liegt. Das 
eine Ende der Schiene ist um eine Achse drehbar, die parallel zu den Furchen durch 
die Gitterflaiche geht, das andere Ende trigt die photographische Kamera. Da Spalt 
und Spiegel festliegen, kann durch Drehen der Schiene der Einfallswinkel (i) des 
parallelen Lichtbiindels am Gitter geiindert werden, so daB jeder gewiinschte Spek 
tralbereich auf der Platte zur Abbildung gelangen kann. Der Zusammenhang zwi 
schen Einfalls- und Reflexionswinkel (r) mit der Wellenlainge ist durch eine einfache 
Gleichung gegeben. Es ist auch zu erkennen, daB der geometrische Ort der Spektren 
nicht mit dem Rowland-Kreis zusammenfillt, sondern auf einer Parabel liegt. 
Mit wachsendem A wiichst der , 
Fokus um einen betriichtlichen ’ —3 — 
Betrag. Die genaue Fokussierung ©: ' i ge & 


or 
+o—— gee 
We 
Py) 
~ 
- 
4 


kann entweder automatisch er 
folgen mittels einer Fiihrungs 
schiene, deren Lage und Kriim 
mung durch Versuche genau zu 
ermitteln ist, oder durch Ein 
stellung an Hand von Skalen, die 
am Instrument angebracht wer Abb.3. Skizze der Wadworth-Mounting des Spektrographen. 
den. Wir haben die letztere Még- 

lichkeit gewahlt und zwei Skalen angebracht. Die eine folgt dem Rowland-Kreis 
und ist 1500 mm lang, die zweite laBt die Lange des Kameraauszuges ablesen (auf 
halbe Millimeter) und dient also der genauen Fokussierung. Der Gesamtbereich am 
Rowland-Kreis wurde in 9 gleiche Teilbereiche geteilt (zu je 750 A) und fiir jeden 
dieser Bereiche die exakte Fokussierung ermittelt. Das Bildfeld ist gekriimmt, wes- 
halb man extradiinne Platten anwenden muB. Die Kriimmung andert sich etwas mit 
der Wellenlinge, doch l4Bt sich ein Mittelwert finden, der fiir alle Einstellungen 
praktisch ausreicht. Die Lichtstairke des Instrumentes ist 1:22. Die zu gewohnliche 
Analysen mit Bogen oder Funken nétigen Belichtungszeiten liegen zwischen 30 sec 
und einigen Minuten (1—3 min). Infolge des hohen Auflésungsvermégens (4A 
0,2 A), eignet sich das Instrument auch fiir die Analyse sehr linienreicher Spektren. 


Summary 


The first part of the report deals with the qualities needed in a spectrograph which is to be 
used for chemical spectrum analysis The author discusses the optical qualities : spectral 


range, linear dispersion, resolving power, speed, flatness of field, astigmatism, etc. It appears 
that the requirements of the spectros hemist are often not the same as those of the spectro 
physi ist Then the author discusses the mechanical qualities : sturdy construction, easy and 
quick adjustment of the different spectral ranges, durability of the optical components, etc. 

The second and third parts examine to what extent the grating and prism spectrographs 
fulfil these requirements. After a careful discussion of the advantages and disadvantages, the 
author considers whether either of the two types is really superior for spectrochemical work, 
and recommends gratings for quantitative work, but prisms where the greatest certainty is 
needed in qualitative analysis. 

In the last part a short description is given of a large grating spectrograph which seems 
very suitable. for ordinary spectrochemical work 


or 
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Die Spektralanalyse von Nickel- Kobalt-Legierungen im Bereich von 0—L00°,, 


W. Serra und A. KoTrrMann 


ralanalyse hat man sich daran gewoéhnt, ihr die Gebiete 
vorzubehalten. Dies ist darin begriindet, daB der ana 
ganzen mittleren Konzentrationsbereich einen bestimm 
Fehler von Bruchteilen von Prozenten verlanget. wihrend 
twa den gleichen relativen mittleren Fehler einschlieBt. 
in letzteren mit etwa 5% des Analysenwertes 
ansetzen. Das heiBt eine s} ektrochemisch 

bestimmte Konzentration in der Ge vend 

von 5% konnte auch 5.25% oder 4,75 % 

sein, eine Unsicherheit, welche eben noch 

ertraglich schien, wahrend bei Konzen 

trationen von 50 % natiirlich die Genauig 

keitsgrenzen 52.5% oder 47.5% im all 

gemeinen nicht mehr genugen konnten 

Mit einer Steigerung der relativen 

Genauigkeit kann das Gebiet mittlerer 
Konzentrationen in welchem dieSpektral 

analyse nicht mehr sinnvoll erscheint, 

ngt werden. Bei den modernsten Einrichtungen ist die Genauig 


da8 sie den normalen Anspriichen in allen Konzentrations 


geniigt. Diese modernen Einrichtungen sind jedoch in Europa noch nicht 


Laboratorien anzutreffen 
deshalb hier gezeigt we rden daB die Frage. ob man spektrochemische 
Analysenmethoden anwenden kann, von der zu lésenden physikalisch-chemischen 
Aufgabe abhangt, und daB es sehr wohl solche Aufgaben gibt, die diese Verfahren in 
allen Konzentrationsgebieten zulassen. Dies soll hier am Beispiel der Bestimmung 
der gegenseitigen Diffusion von Nickel und Kobalt gezeigt werden. Die Aufgabe ist 
dabei folgende: Ein Nickelstiick und ein Kobaltstiick werden mit einer ebenen 
Begrenzungsfliche aneinandergelegt, so daB bei erhéhter Temperatur eine gegen 
‘itige Diffusion stattfindet. Dabei dringt Kobalt in das Nickelstiick und Nickel 
in das Kobaltstiick ein. Die ganze Probe wird dann scheibenweise zerspant, die 
Dicke der abgenommenen Schichten sorgfaltig ausgemessen und die Spane analysiert. 
Aus den Analysendaten und Langenmessungen erhalt man die Konzentration-Weg 
Kurve der Diffusion. Ihre Form ist in Abb. 1 schematisiert wiedergegeben. 

Im einfachsten Falle kann man hieraus fiir jede Entfernung von der urspriing 
lichen Grenzflache und der dazugehérigen Konzentration einen Wert der Diffusions 
konstanten berechnen. Man benutzt dazu die Gleichung: 

P| - I 

2) D-t 


\ 


wo c, die Konzentration in der Entfernung z von der Grenze, 





Die Spektralanalyse von Nickel-Kobalt-Legierungen im Bereich von 0—100% 


Cy die Konzentration in der urspriinglichen Grenze 50 % , 

D die Diffusionskonstante, 

tdie Zeit 
und ¥ die Gavsssche Fehlerfunktion sind. Die geringe Konzentrationsabhangigkeit 
von D ist bei diesem Auswerteverfahren vernachlissigt. 

In der Nahe der Grenzfliche der beiden Metalle liegt die Konzentration in der 
Nihe von 50%. Dort ist also die absolute Genauigkeit der Spektralanalyse am ge- 
ringsten. Andererseits ist jedoch auch dort die Messung der Entfernung von der 
Grenze relativ am wenigsten genau zu messen. Mit steigender Entfernung von der 
Grenze wird ihre Messung relativ genauer, und auch die Konzentrationen riicken in 
Gebiete, die fiir die Spektralanalyse giinstiger liegen. Dadurch stimmen sich die 
Forderungen der physikalisch-chemischen Aufgabe und die Leistungen der Spektral- 
analyse gegenseitig ab. 

LaBt man, wie beschrieben, Nickel und Kobalt 8 Tage bei 1400° C diffundieren, 
so erstreckt sich die Diffusionszone tiber eine Entfernung von 2,7 mm. Zur analyti 
schen Auswertung werden jeweils 0,05 mm dicke Schichten auf der Drehbank unter 
dem MeBmikroskop abgenommen. In der Nahe der Grenzflaiche wird die Dicke dieser 
Schichten sogar auf 0,02 mm reduziert. Man erhalt dabei je etwa 10—40 mg Spine 
der Legierung, die zu analysieren sind. Bei einer Menge von 20 mg Legierungsspanen 
miissen dann z.B. bei 1% des Zusatzelementes, 0,2 mg desselben quantitativ nach- 
gewiesen werden. Dies ist mit Hilfe der Spektralanalyse der Lésungen mit einem 
Quarzspektrographen (Fuess 110 C) und einer Feussner-Anregung tiber den ganzen 
Konzentrationsbereich mit beachtlicher Genauigkeit méglich. Die Spine werden 
dazu in halbkonzentrierter Salpetersiure so gelést, daB 1 cm*® 120 mg Legierung ent- 
halten. Als Teste dienen Lésungen, die aus reinen Metallen eingewogen und nach 
maBanalytischen Methoden gemiseht werden. Als Elektroden verwenden wir spek- 
tralreine Kohlen (Ruhstrat) deren Ende plan geschliffen wird. Dabei wurde die 
Beobachtung gemacht, daB das Planschleifen mit feinem Schmirgelpapier die 

teproduzierbarkeit der Analysen erheblich erhéhte Auf die obere und untere 
Elektrode bringt man je 2 Tropfen der Lésung mit einer Platinése auf. Nach dem 
Eintrocknen, das durch die Erwirmung durch das Vorfunken (30 sec) beschleunigt 


Tabelle 1. Anrequngsbedingungen fiir die Lésungsanalyse 
(Conditions of exitation for the analysis of solutions) 





Funkenerzeuger nach Feussner 


[Spark generator (Feussner ) ] 





3000 pF 


Kapazitat (Capacity) : 
0,8 mHy 


Selbstinduktion (Self-induction) ; eo 
Sekundirspannung des Transformators (Secondary voltage of the trans- 
10,6 kV 
0,75 A 
45 
0,05 mm 


former . , ' , 
Betriebsstromstarke (Current strength) 
Blende (Diaphragm) . . 

Spaltbreite (Width of slit ; 
Elektroden, plan geschliffen (Electrodes, plane surface). . 5mm @ 
Elektrodenabstand (Gap distance) 2 mm 
Vorfunkzeit (Prespark period) 
Belichtungszeit (Time of exposure) 


30 sec 
30 sec 
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wird, erfolgt direkt die Belichtung (30 sec). Die Genauigkeit der Analysen leidet 
nicht, wenn die aufgebrachte Lésungsmenge innerhalb gewisser Grenzen (1:4) 
schwankt. Es ist jedoch zur Erzielung gleicher absoluter Intensitaiten der Analysen 
linien angebracht, stets gleiche Mengen zu verwenden. 

Da die Spektren von Nickel und Kobalt linienreich sind, lassen sich leicht brauch 
bare Analysenlinien fiir alle Konzentrationsbereiche finden. Die Auswertung erfolgte 
nach den itiblichen Methoden. Die Anregungsbedingungen sind in Tabelle 1 zu 
sammengestellt. 

Zur Bestimmung des mittleren Fehlers wurden innerhalb verschiedener Reihen 
einzelne Legierungen 10mal nacheinander unter. gleichen Bedingungen analysiert 
und daraus der mittlere Fehler fiir die betreffende Konzentration bestimmt. In der 
nachfolgenden Tabelle sind die Spektrallinien verzeichnet, die sich in den angege 
benen Konzentrationsbereichen am besten bewaihrt haben. Ferner sind dort die 
mittleren Fehler angegeben, welche bei der 10maligen Analyse von Legierungen 
der beigefiigten Konzentrationen ermittelt wurden (Tabelle 2). 


Tabelle 2 





Analysenlinien 
(Analysis lines) Mittlerer Fehler bei % Ni, % Co 
| (Mean deviation at % Ni, % Co) 


Konze ntrationsbereich 
Range of concentr.) 
% Ni oder % C 
eo Ni oder “% Co . 
Ni 


8% Ni 3054,32 3048,89 


30% Ni 3037,94 3048,89 
20% Ni 
60% Ni 2981.65 2987,17 } 20% Ni 
40% N 
20% Co 2984,13 2987,17 + 1,7 40 % 
5% Co 3080,76 3072,34 + ],{ 40 % 
20 % 
10% 
3097,12 3072,34 } 3 40 % 
20 % 


10 % 


10 0.1% Co f 95 2580.35 +], 5% 





Aus dieser Ubersicht ist zu ersehen, daB man bei geeigneter Wahl der Analysen- 
linien (Abb. 2) iiber den ganzen Konzentrationsbereich von 0—100 % einen mittleren 
Fehler von etwa +2% des Analysenergebnisses erreichen kann. Diese Genauig- 
keit der Analyse reicht fiir die beschriebenen Diffusionsmessungen aus, denn 
beim Abdrehen auf der Drehbank ist mit einem absoluten mittleren Fehler von 
etwa +0,01—0,005 mm bei der Bestimmung der Lage der analysierten Schicht zu 
rechnen. 


Da der Zusammenhang zwischen der Diffusionskonstanten und den gemessenen 
Werten der Konzentration und des Diffusionsweges nach Gl. (1) nicht ohne weiteres 
zu tibersehen ist, haben wir in Tabelle 3 die Auswirkungen der Fehler der 
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Konzentrationsbestimmungen und Lingenmessungen auf die errechneten Diffusions- 
konstanten zusammengestellt. 

In Tabelle 3 sind eingetragen die Prozentgehalte an Ni und die Abstande von der 
Trennflache, also die Stellen, an denen man sich auf der Kurve (Abb. 1) befindet 


90 
c 


ferner die Fehler des Endergebnisses, welche durch einen Analysenfehler von 2% 


Abb.2. Analysenlinien Ni—Co. 


und durch die Fehler in der Laingenmessung von 0,01 bzw. 0,005 mm entstehen. 
Man sieht, daB der mittlere Fehler der spektralanalytischen Auswertung Anderungen 
in der Diffusionskonstante verursacht, die von der gleichen GréBe sind wie die. 


Tabelle 3 





Fehler in der Diffusionskonstanten 


(Error of rate of diffusion) 





rin mm Dicm?® x d™") Anal ysenfehler MeBtehler 


Error of anal.) Error of measurement of distance ) 





0,01 mm 





0,865 

0,410 , 

0,120 | - l 
0.100 0,96 » 20, 
0,330 0,95 »2 20 12,6 % 
0.620 0.88 3,4 % 








welche die Ungenauigkeiten der Langenmessung bewirken. Wie vorauszusehen 
sind diese in der Nahe der Grenze am gréBten. Dort sind deshalb die Diffusions 
konstanten ebenfalls mit gréBten Ungenauigkeiten behaftet. Mit wachsendem 
Abstand von der Grenzfliche nimmt die Genauigkeit nach beiden Richtungen 
hin zu. Eine Erhéhung der spektralanalytischen Genauigkeit wire nur bei gleich- 
zeitiger Verbesserung der MeBgenauigkeit des Abstandes sinnvoll. 


3b )«=6Spectrochim. Vol 





W. Serra und A Die Spektralanalyse von Nickel-Kobalt-Legierungen 


Analyse ist zur Lésung der beschriebenen physikalisch 


Di spektroc hemis« 
Aufgabe namlich di 


100 Z estimmen 


chemischen Diffusionskonstante von Nickel und Kobalt im 
Bereich Dieses sollte in diesem 


Vortrag g gt werde 


durchaus geeignet 


Diskussion 
bezieht sich nicht auf die spektralanalytische 


ITH. sondern auf die Abstandsbestimmung det! 


Seite de! ingen v«¢ rol 
nte! benfliache von der urspriinglichen Trennfliche 
| 


F. ROHNE! 


’ 


nicht in der Erzielung 


ht ja die Schwierigkeit 
Materialstarken 


Messung der abgetragenen 
Markierung der Lage der ur 
in Al haben wir zur Markierung 


en Bestimmung resp 


i 


fei Diff isionsmessungen 

nssystems das in Al praktisch nicht diffundierende Mn 

war bei der Spektralanalyse nachher di 
| . 


Dadurcl 


au wieder aufzufinden 


von Herrn Dr. RoHNER: Bei diesem beso! 
Lage der Grenzfliche aus der Kurve Abb. | 


entnehmen Grenzen durch inerte Markierungen sichtbar gemacht 
spektralanalytische Untersuchungen von hdéheren 


\. GATTERE! 
Gehalter 
1! rroBeren Proze nt ge halten 


seitige ; nflussung der Z ZsI inzen in g! 
Das ompliziert ie sonders wenn eine grobere Zah! 


von s 


ene! iusgetiihrt werden, ist die starkere gegen 


menwirken 


KAISER: Bei « ; nmung hoher Gehalte ké Storungen durch physikalische 
Einfliisse at wenn man di roben als Lésung oder als Pulver 

Bemerkung von Prof. Serru gilt allgemein: immer sollte 
Aufgabe bestimmt werden 


inother 


purpose the analysis 


et nis is ippropriate because 


ordae! sampling error which 
solution 


tween the two metais \ 


lavers of the metal were analysed 
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Technisch belangreiche Extinktionsregelmibigkeiten von Farbstoffen 


4 LuszczaK 
Wien 


Es wird iiber gemeinsam mit H. ZukRiIgeGEL (Wien) durchgefiihrte absorptions 
spektrographische Versuche mit waBrigen Farbstofflésungen berichtet Hierbe 
konnte beobachtet werden, daB unabhangig von der chemischen Konstitution 
im Gebiete von 3200 A abwirts sich eine charakteristische Absorptionsband 
befindet, deren Lage mit der iiblichen technischen Lichtechtheitszah| (Achte1 
BlaumaBstab) in Korrelation steht. Diese laBt sich durch die Gleichung 

LOsSO0 


14 L 4000 10800 bzw I 14 


4000) / 

beschreiben, wobei L die technische Lichtechtheitszahl (1—8) und 4 die charakteristi 
sche Wellenlinge in A bedeutet. Weitere Versuche unter Anwendung selektiver 
Lichtfilter zeigten, daB das direkte Bestrahlen mit UV-Licht dieses Wellenlaingen 
gebietes, das an sich Bleichung hervorruft, fiir den Ausbleicheffekt nicht notwendig 
ist. Das Gebiet von etwa 3300—4000 A wirkt itiberhaupt nicht ausbleichend, wih 
rend sichtbares Licht Bleichung auslést. Im sichtbaren Teil des Spektrums gibt es 
eine oberste Wirksamkeitsgrenze, deren Lage fiir lichtunechte Farbstoffe bei gréBeren 
(rot) und bei hervorragend lichtechten Farbstoffen bei kleineren Wellenlingen (blau 
liegt. Die Wirksamkeitsgrenze betrigt etwas das Doppelte in A als der Lage det 
charakteristischen Absorptionsbande im UV entspricht. Da eine Quantenaddition 
physikalisch unwahrscheinlich ist, diirfte es sich um di photochemische Bildung 
einer labilen Zwischensubstanz handeln, in der die Lichtenergie kleinerer Energie 
stufe (sichtbares Licht) chemisch aufgespeichert wird und diese labile Substanz 
unter UV-Lumineszenz wieder zerfiallt, wobei die nun emittierten enerciereichere1 
Quanten zur Zerstérung des Farbstoffmolekiils ausreiche 

Die Belichtungsversuche wurden mit dem von F. Gasser, H. ZUKRIEGEL und 
der Vereinigten Farbereien AG. in Wien entwickelten Heliotest-Gerat durchgefiihrt 

Das Gesamtergebniis iiber die Versuche wird demniachst in der Zeitschrift 
Melliand-Textilberichte (Heidelberg) veréffentlicht werden. Der erste Teil ist bereits 
erschienen: man vergleiche Melliand-Textilberichte 1951 32 868 


Diskussion 

H. KAIsER 1. Welche Farbstoffgruppen sind untersucht worden ?7 

2. Besteht auch eine Beziehung der Lichtechtheit zur Absorptionstiefe, nicht 
nur fiir Wellenlange der Bande ’ 
A. Lwuszczak: 1. Es wurden Azofarbstoffe und Tripheny Imethanfarbstoffe untersucht 

2. Die Extinktionstiefe steht in keinem Falle mit der Lichtechtheitszahl in einem 
gesetzmaBigen Zusammenhang. In einer Arbeit von Sueo Sakurai (Rept. Japan 
Assoc. Advancement Sci. 1942 16 547) fand ich die Behauptung, daB Farbstoffe 
deren Extinktionskurven tief abfallen, im Lichte leicht ausbleichen. Die von 
SAKURAI aufgestellte Regel konnten wir aber nicht bestatigt finden 


Summary 
Certain dyes have been shown to be bleached by radiation in the visible spectrum of wave 
length about double that of the main absorption band of the dye itself; and no correlation 
has been found between extinction coefficients and fastness in the dyes tested 
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Le ..esaltazioni® nell’analisi spettrochimica qualitativa 


V. Gazz 


che esporre risultati sperimentali, intende aprire la 
a ricerca sopra un grave problema spettroanalitico, che nella 
ena adombrato ed al quale non viene dedicata una attenzione 
ia sua Importanza 


stimolare 


apy 


Practical Spectroscopy di 


HARRISON, LORD e 
Hall. New York 1949) a 


pag. 439 s1 legge 


cre 
ne 


LA MOF BOU ROW 


dato elemento non si trova nello spettro dell’elettrodo 


dedurne che l'elemento 


di grafite) 

non sia presente nel materiale di cui 

im quanto la sensibilitA di riconoscimento viene verosimilmente 

troduzione di ioni metallici nell'arco quando si aggiunge la sostanza da 
lettrodi di grafite altamente purificati non dimostrano di contenere 

le direttamente lo sapettro d’arco; ma quando Vi #i aggiunge una 
»di un 


metallo, che si sa con certezza non contenere vanadio, 
ipparire 
Nel volume ,,Practical Applications of Spectrum Analysis‘ di H 


DINGLE (edito 
e Hall, Londra 1950) 


a pagg. 79 e 80 si legge 
spettrogramma soli elettrodi non mostra necessariamente tutti gli elementi 
Quando anche soltanto una traccia di qualche altro materiale 


1 forza delle righe delle impurezze diventa spesso cosi cospicua che l'os 
abituato al 


ettrodicontengono 


fenomeno segna con confidenza, come elementi presenti nel suo 
realta presenti negli elettrodi, che il campione ha servito a rivelare 


nella Tav. XIX che mostra in basso lo apettro dei soli elettrodi di 
sopra lo spettro ae 


gli steasi elettrodi con l'aggiunta di una traccia di un sale di 

sopra ancora lo spettro di elettrodi di rame con una corrispondente traccia dello 
I] punto interessante é la comparsa delle righe del vanadio e del titanio nello 

mezzo La tavola non viene qui riprodotta 
foase stato 


titanio sono 


preso il terzo spettro, si potrebbe concludere senza esitazione che 
contenuti nel sale di sodio; la loro assenza nel terzo spettro sarebbe 
nbarazzante La vera spieg 


iZIONe e& « he questi ele menti sono prese nti come 
elettrodi di grafite ¢ 


non in quelli di rame, e che il sale é necessario pe) 
ioro righe 

del fenomeno non é stato ancora spiegato in modo 
ia ten po nel laboratori di spettroscopia, 
la Wees (Nature 1937 139 248, Sx 


soddisfaciente 


it 
into ¢ 


ma sembra sia stato 
i. Prow R0¥ Dub Sor 1937 21 


WEBB in 


ele ttrodi supporto di 


sostanza d ct che il { loruro di sodio esalta le 


righe delle impurezze degli 
irbone ¢ di gratite 


che questo fenomeno si ha in genere con 
ipprossimativamente assomigliano alle ceneri dei tessuti 
climente vengono esaltati 


he e che 
sono titanio, vanadio. calcio 
fenomeno avviene per ,/aggiunta di una piccola 
lasciando pensare che cid avvenga con qualsiasi 
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Le ,,esaltazioni® nell’analisi spettrochimica qualitativa 


DINGLE dice che, per evitare |’attribuzione alla sostanza in esame di elementi 
appartenenti come impurezze agli elettrodi, si dovrebbe preliminarmente esaminare 
,,un campione di ogni tipo di elettrodi in uso generale per mezzo dell’ ottenimento del 
suo spettro da solo e poi con un pizzico di sale. Righe addizionali, non comuni 
a tutti gli elettrodi, debbono allora essere attribuite ad impurezze degli elettrodi.* 

Wess, Harrison e collaboratori, e DincLE vengono in sostanza a dire press’a 
poco: State attenti; nella presa dello spettro di una sostanza su elettrodi di grafite 
(o di carbone) possono comparire, insieme con le righe degli elementi contenuti 
nella sostanza in esame, anche righe di elementi contenuti come impurezze negli 
elettrodi supporto, righe che non compaiono quando si prende lo spettro dei soli 
elettrodi supporto. E concludono press’a poco cosi: Le impurezze degli elettrodi di 
grafite sono press’a poco queste e queste; della comparsa di tali elementi nello 
spettro non bisogna quindi tener conto. Ed anche: Questa esaltazione si ha per 
certi elementi e non per altri; vediamo sperimentalmente quali elementi subiscono 
la esaltazione, e preoccupiamoci poi soltanto di essi quando dobbiamo interpretare 


gli spettrogrammi a scopo analitico. 


Il fenomeno é veramente grave e preoccupante agli effetti analitici, molto di piu di 
quanto HARRISON ¢ coll.e DINGLE, in trattati di carattere specifico, lasciano intendere. 
Se il fenomeno dovesse essere di carattere generale, ne sarebbe compromessa |’analisi 
spettrochimica qualitativa su elettrodi supporto. I] fatto rappresenterebbe inoltre 
una causa di errore nell’analisi spettrochimica quantitativa, poi che gli elettrodi 
supporto sono largamente usati anche a scopo quantitativo. 

Si considerino infatti le seguenti osservazioni, tenendo presente che, se si hanno 
elementi che subiscono esaltazioni, si hanno necessariamente sostanze che causano 
esaltazioni: 

a) non conoscendo il meccanismo del fenomeno, non possiamo prevedere quali 
elementi sieno esaltabili e quali elementi o sostanze sieno esaltanti; 

b) una indagine puramente sperimentale, oltre che presentarsi molto complessa, 
pud sempre lasciare il dubbio che, oltre gli elementi riconosciuti come esaltabili e gli 
elementi e sostanze riconosciuti come esaltanti, altre sostanze, o miscugli o sistemi 
possano presentare il fenomeno. 

Ne viene quindi che, nello spettro della sostanza preso sia su elettrodi di grafite 
che di carbone o metallici, noi non potremo pili pronunciarci con tranquillita nei 
riguardi della presenza di tracce di elementi; e che, come conseguenza estrema, 
non potremo pili escludere con assoluta certezza che uno qualsiasi degli elementi 
riconosciuti appartenga agli elettrodi e non alla sostanza! 

Questa é la conseguenza veramente grave dell’esistenza, vera 0 presunta, generale 
o limitata, delle ,,esaltazioni‘‘; conseguenza che vale bene il lavoro e lo sforzo 
occorrenti per uno studio approfondito ed esteso della questione. 


Per la verita non é stato il WEBB a dar notizia, per primo, del fenomeno delle 
esaltazioni‘‘. Ben diciassette anni addietro il Prof. MARIANO PIEeRUcCrI, ordinario 


di Fisica sperimentale nell’ Universita di Modena, ne aveva gia comunicato la scoperta 
(Nuovo Cimento VI, 45—46, 1920) per quanto completamente al di fuori del campx 


spettroanalitico. 
Il Prervcci aveva osservato che, accendendo un arco fra un carbone forato per 


tutta la sua lunghezza, impuro per calcio, ed un secondo carbone pieno, otteneva 
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leggere righe del calcio ; soffiando entro il foro del carbone una nube di un sale di ferro 
in modo da far pervenire il sale di ferro nell’arco acceso, non aveva le righe del ferro, 
mentre otteneva fortemente pit: intense le righe del calcio. 

Ripetendo l’esperienza con carboni puri, otteneva le righe del ferro e non del 
calcio 

Il Prervect, essendosi nel frattempo conosciuti i risultati e la relativa inter 
pretazione delle esperienze di FRanck ed HERTz sull’emissione in tubo di Geissler 
da parte di miscugli di gas e vapori, spiegd successivamente (Nuovo Cimento VI, 
412—417, 1929) il fenomeno della ,,esaltazione“‘ del calcio per opera del ferro, 
base alla regola di Franck ed HERTz. 
Tale regola dice che, in una mescolanza di gas rarefatti, irradia pit: fortemente 


e clo appunto in 


l‘elemento a potenziale di ionizzazione minore 


Il fenomeno della ,,esaltazione“ é collegato, nell’esperienza del PrERUCcCcI, con 
il fenomeno dell’, inibizione*‘. In detta esperienza infatti, mentre si ha forte aumento 
dell intensita delle righe del calcio, si ha forte diminuzione dell’intensita delle righe 
del ferro, che addirittura scompaiono; mentre in assenza del calcio il ferro compare 
Il calcio produce quindi ,,inibizione“ delle righe del ferro. 

I termini ,,inibizione“ ed ,,esaltazione“ sono del PreRvcct. 

L’influenza reciproca degli elementi é nota da tempo. Oltre i risultati di Franck 
ed HerTz e del Prervcct, esiste una mia vecchia nota (Gazz1 — Ann. Chim. Appl. 2: 
71, 1933) con intendimenti puramente spettroanalitici, nella quale si fa cenno di 
diminuzioni di sensibilita di riconoscimento riscontrate in miscugli di sali di metalli 
diversi, in confronto con gli stessi sali presi singolarmente ; e si'descrivono indeboli 
menti di determinate righe di elementi, presenti negli elettrodi di carbone come 
impurezze, per l’aggiunta di un sale di potassio 

I! LOwe nel suo volumetto ,,Atlas der letzten Linien der wichtigsten Elemente“ 
edito da Theodor Steinkopff, Dresda 1928), a pagina 13 indica come superiore la 
sensibilita di riconoscimento su elettrodi di carbone che non su elettrodi metallici. II 
che puod considerarsi come un caso particolare di influenza reciproca fra elementi, e 
precisamente fra quelli contenuti nella sostanza inesame e quelli costituenti l’elettrodo 
supporto 

Vari lavori sopra le reciproche influenze fra elementi sono ricordati dal BRoDE 
nel suo volume ,,Chemical Spectroscopy“ (edito da John Wiley and Sons, New York 
1947) a pag. 127—131. I lavorie le relative conclusioni sono perd considerati esclusi- 
vamente sotto il punto di vista spettroanalitico quantitativo. Non vi si fa il minimo 
cenno ai pericoli delle esaltazioni, come precedentemente esposti; cosi come non ne 
fanno il minimo cenno HARRISON e coll. nel loro volume. 

Oltre il Prervcct, molti autori, fra cui il Piccarpi (Ann. Chim. Appl. 1934 24 35) 
spiegano le , ,inibizioni“ in base alla scala dei potenziali di ionizzazione degli elementi ; 
nel senso cioé che la presenza di un elemento a potenziale minore attenua |’intensita 


dello spettro di elementi a potenziale pit alto. 


Questo pero non puo essere la spi¢gazione giusta o per lo meno la spiegazione 
unica, in quanto il cesio, ad es., che é l'elemento a pili basso potenziale di ionizzazione, 
non dovrebbe subire attenuazioni; il che é stato da me dimostrato non corrispondente 
al vero (GAZzZI Ann. Chim. Appl. 1934 24 595 e 1939 29 500). D’altra parte lo 
stesso BRODE, nel suo libro comparso molto pili tardi, dice che alla scala dei potenziali 
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di ionizzazione occorrerebbe fare numerose eccezioni, e che quindi il problema 
merita di essere ulteriormente studiato. Cosi come il DrneLE non spiega le ,,esalta 
zioni‘‘ per mezzo della scala suddetta, ma dice che ,,il meccanismo del fenomeno 
non é stato ancora spiegato in modo soddisfaciente“* 


Comunque, la spiegazione delle ,,inibizioni‘‘ per mezzo della scala dei potenziali 


di ionizzazione non urterebbe, almeno a prima vista, contro difficolta concettuali, 
in quanto il fatto corrisponderebbe al caso dei due rubinetti posti uno sopra l’altro 
lungo la medesima conduttura verticale : l’apertura del rubinetto inferiore porterebbe 
a far diminuire o ad estinguere il getto di acqua del rubinetto superiore. 

La spiegazione delle ,,esaltazioni“ incontrerebbe invece difficolta, in quanto obbli 
gherebbe ad ammettere che |’elemento a potenziale di ionizzazione superiore, quando 
l’energia somministrata al sistema é stata sufficiente ad eccitarlo ed ancora agisce 
anzi che emettere per proprio conto si scarichi sull’elemento a potenziale inferiore 


A gli effetti spettroanalitici occorre assolutamente definire la reale portata del 
fenomeno delle ,,esaltazioni‘‘ onde meglio precisarne e delimitarne i pericoli. Certa 
mente alla definizione suddetta gioverebbe in primo luogo la conoscenza del mec 
canismo del fenomeno, unitamente al meccanismo delle ,,inibizioni‘ che si debbono 
considerare, vorrei quasi dire, coniugate alle ,,esaltazioni“. 

Senza volermi pronunciare sopra |’essenza dei fenomeni suddetti, in quanto la 
questione costituisce un problema di spettroscopia fisica di particolare delicatezza 
e difficolta, ritengo tuttavia in primo luogo che, se per spiegare i fatti si deve accettare 
una regola del tipo di quella di Franck ed HERTZ, non si debba considerare una scala 
di ,,potenziali di ionizzazione‘‘, ma bensi una scala di ,,potenziali di eccitazione 
delle singole righe“. 

Si avrebbe quindi non una serie di elementi chimici, ordinati secondo |’azione 
attenuatrice di un elemento sopra il precedente, ma bensi una serie di righe spettrali, 
ordinate secondo i rispettivi potenziali di eccitazione; nella quale serie gli elementi 
chimici verrebbero a compenetrarsi gli uni con gli altri. 

In detta serie le righe dello spettro I] e superiori, in quanto date dall’atomo 
ionizzato, verrebbero naturalmente a trovarsi al di sopra delle righe dello spettro | 
dello stesso elemento, perché corrispondenti ad una pili elevata energia di eccitazione. 

L’azione inibitrice potrebbe prodursi secondo |’ordine di tale serie; per cui, a se 
conda che di un elemento si considerano righe di bassa o di alta eccitazione, tale 
elemento potrebbe risultare inibito od inibitore rispetto ad un altro elemento. II 
che potrebbe spiegare qualcuna delle eccezioni alla scala dei potenziali di ionizzazione. 

Una azione attenuatrice differenziata sopra le righe di uno stesso elemento fu 
gia da me riscontrata (Ann. Chim. Appl. 1933 23 71 citato) e spiegata dal PiccaRp1 
(Ann. Chim. Appl. 1934 24 35 citato). 

Considerato poi che le righe di un dato elemento compaiono via via, secondo 
l’ordine dei relativi potenziali di eccitazione, con |’‘aumentare dell’energia di eccita 
zione della sorgente luminosa, si hanno le sorgenti luminose a basso grado di 
eccitazione che danno soltanto le righe fondamentali dell’elemento, ma perd molto 
intense; e le sorgenti a pili alto grado di eccitazione che danno via via pit righe 
dello stesso elemento, con diminuzione dell’intensita delle righe fondamentali. E 
cid in conseguenza della ripartizione del numero degli atomi dell’elemento nei pit 
numerosi livelli energetici raggiunti. 
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Una sorgente ad elevatissimo grado di eccitazione provoca di preferenza emis 
sione delle righe di pit: alta eccitazione. Su tale fatto il PIERUCCI basa la spiegazione 
delle sue ,.inibizioni anomale‘ (PrERUCCI e CREMASCHI Nuovo Cimento 1942) 
cioé di un fenomeno da lui descritto, secondo il quale le inibizioni hanno luogo in 
eenso inverso alla scala dei potenziali di ionizzazione. 

La natura della sorgente luminosa, e quindi le caratteristiche del mezzo di 
eccitazione che la produce, influiscono quindi sopra la direzione dell’azione reciproca 
degli ele menti: ne | senso che dato uno stesso mist uglio di lementi a seco! da de 
grado di eccitazione della sorgente luminosa lo stesso elemento puo risultare a volte 
inibito ed a volte inibitore, o meglio certe righe possono risultare a volte attenuate ed 
a volte rinforzate 

D’altra parte l’introduzione nell'arco di una sufficiente quantita di una sostanza 
volatile e buona conduttrice abbassa il grado di eccitazione dell’arco. e quindi mo 
difica lo spettro degli elementi presenti nell’arco stesso (BARBANTI-SILVA e LIGA 
BUE Atti Soc: Natur. e Matem. di Modena LX XV, agosto 1944), con il conse 
guente aumento di intensita delle righe di pi: basso potenziale di eccitazione. I) 
che potrebbe splegare il fenomeno delle ,.esaltazioni** 


La scala dei potenziali di eceitazione delle righe, il grado intrinseco di eccitazione 


della sorgente luminosa e la variabilita di esso con la composizione della sostanza 
di cui si vuol prendere lo spettro potrebbero quindi splegare sila le ,,inibizioni‘* che 
le ,,esaltazioni 

Occorre quindi studiare il fenomeno delle ,,esaltazioni*‘ con tutti i mezzi di e« 
citazione praticamente impiegabili, e secondo tutta la loro ampiezza di regolazione. 

Questo studio potrebbe portare alla fissazione di condizioni di eccitazione che 
limitino l’entita delle ,,esaltazioni*‘ al punto da non recare imbarazzo nell’inte1 
pretazione degli spettrogrammi a scopo analitico; cioé alla scelta del pit: adatto 


mezzo di eccitazione 


Avendo a disposizione per il momento, quali mezzi di eccitazione, soltanto 
l’arco continuo e la scintilla condensata, ho eseguito qualche esperienza di orienta 
mento con tali mezzi 

Per elettrodi supporto ho impiegato bacchette di grafite J.M. 4B della casa 
Johnson, Matthey di Londra, specificatamente preparate per |’analisi spettrochimica ; 
tali bacchette hanno il diam. di mm 6 circa, e sono messe in commercio nella lun 
ghezza di cm 29 circa (12 pollici). La stessa casa produce anche un tipo di purezza 
superiore, il tipo A; ho tuttavia preferito il tipo B perché mi occorreva che qualche 
impurezza fosse decisamente presente. 

Quali elementi produttori di esaltazioni (o presunti tali) ho impiegato lo zinco 
ed il sodio. Ho scelto il primo in ossequio alla scala dei potenziali di ionizzazione 
in quanto lo zinco é l’elemento metallico non volatile a potenziale pit elevato. Ho 
scelto il secondo in contrasto con la scala dei potenziali di ionizzazione (in quanto il 
suo potenziale é inferiore a quello di tutti gli elementi, ad eccezione dei soli alcalini) 
e perché specificatamente indicato dal DINGLE. 

Partendo da zinco metallico ed acido nitrico puri per analisi ho preparato il 
nitrato di zinco; e poi, per calcinazione, |’ossido. Ho usato |’ossido per la presa dello 
spettro d’arco (foro nell’elettrodo di grafite diam. mm 2 prof. mm 4); ho usato la 


46 





Le ,,esaltazioni® nell’analisi spettrochimica qualitativa 


soluzione, relativamente concentrata, del nitrato per la presa dello spettro di scintilla 
facendone evaporare una goccia sopra l’elettrodo di grafite tagliato piano 

Ho preso cloruro sodico puro per analisi e lho impiegato polverizzato per lo 
spettro d’arco, in soluzione per lo spettro di scintilla, operando come per lo zinco 

Per le prese ho usato uno spettrografo E, di Hilger (modello medio con ottica 
in quarzo) ed uno spettrografo Glas 12 di Zeiss (ottica in vetro) 

Ho eseguito le prese nell’u.v. (per mezzo di un diaframma di HARTMANN a cinque 
finestre in scalinata) nelle condizioni seguenti. 


Prova A — Zinco ossido. Arco 4amp Proiezione dell’immagine sopra la fessura dello 
spettrografo per mezzo di lente illuminatrice diaframmata. Ferro scala da scintilla. 


| ferro scala posa 2 


2 elettrodi + sostanza posa 30 
3 elettrodi soli posa 30 
elettrodi + sostanza posa 30 


» ferro scala posa 30 
Ordine delle prese : 3 — : Interruzione dell’arco, senza aggiunta di sostanza 


fra le prese 2 e 4 


Prova B Zinco nitrato. Scintilla condensata da circuito semplice. Potenza 
0.25 kVA, tensione V 10 mila circa, capacita 4000 pF, induttanza 0,5 mH. Proie- 
zione dell’ immagine visibile all’ infinito, lente illuminatrice non diaframmata. Ferro 
scala da scintilla 

| ferro scala posa 2 

”? elettrodl SOs8tanza posa 60 
elettrodl soli posa 60 
elettrodi sostanza posa 60 


» ferro scala posa 30 
Ordine delle pres¢ 3 y Nessuna aggiunta di sostanza fra le 
Prova ¢ Cloruro sodico Arco. Condizioni come in A 
Prova D Cloruro sodico. Scintilla. Condizioni come in B 


{isultati della prova A Nel confronto fra lo spettro dei soli elettrodi (3) e degli 

n lettrodi piu sostanza (Ze 4) ho osservato oltre le righe dello ZiInco | * secuenti altre 
rig e. con le differenze di intensita a fianco 1 dicate 

2288.0 

2478,5 

2496,8 


2497.7 


a, presente soltanto 
nettamente meno intensa 
leggermente meno intensa 


leggermente meno intensa 


2840, a, presente soltanto in 
2852, leggerissima, praticamente di uguale intensita in 2 


2863.: leggera, presente soltanto in 2 e 4 


9 


leggermente pili intensa in 2 e 4 


I 
I 
I 
| 
2506,$ : I leggermente plu intensa in 
I 
I 
I 
I 


2881, 
3009, I leggerissima, presente soltanto in 
3034, I leggerissima, presente soltanto in 
3175, Sn I netta, presente soltanto in 2 e 4 
3234,5 Ti Il leggerissima, pit tenue in 2 e 4 
3349,0/4 Ti II leggera, presente soltanto in 3 


limitata attenuazione delle bande del carbonio in 2 e 4 


La stessa prova, ripetuta nel visibile, non ha dato righe né del titanio né del vanadio 
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Prendendo in considerazione soltanto gli elementi che hanno dato righe anche 
nello spettro dei | elettrodi ( B ) | Mg—Ti) le differenze di intensita 


rilevate fra lo spettro dei soli elettrodi e lo spettro degli elettrodi piu sostanza non 
sono tali da poter essere considerate vere e proprie inibizioni* od ,,esaltazioni* 
Si ha evidente attenuazione soltanto per la riga e le bande del carbonio 

Risultati della prova B Nel confronto fra lo spettro dei soli elettrodi (3) « degli 
elettrodi plu sostanza (2 e 4) ho osservato., oltre le righe dello zinco, le se guenti altre 
righe con le differenze di intensita a fianco indicate 


meno intensa in 2 e 4 


intensa 1 
ente dl eguale 


praticamente issente 
ggerissima in 2 e 4 
praticamente issente 
praticamente issente 
nte ali ¢ 
praticamente di 
rermente men 


ta, 


forte attenuazione delle bande del carbonio in 2 « 


La stessa prova non ha dato. nel visibile righe del titanio e del vanadio 

Si rilevano ,,inibizioni* per il titanio, il boro e, specialmente, per il carbonio 
Praticamente non si rilevano ,,inibizioni* né .,esaltazioni* per il magnesio e nemmeno 
per il calcio. Non si rilevano ,.esaltazioni® per nessun elemento 


Risultati della prova ¢ Nel confronto fra lo spettro dei soli elettrodi 


elettrodi plu sostanza 4) ho osservato, oltre le righe del sodio. le seguenti altr 
righe, con le differenze di intensita a fianco indicate 

2478.5 ( ticamente assent 
2496.8 


2497.7 


I 
I 
I 
| 
| 
2605 | 
2611: , I 
2646 I 
2881 I 
2596, I 
3192 ] 
3200.0 | 
3234.5 l 
3274.0 ¢ 
3349.0 
3354.6 
3377.6 
3383.8 
3385.9 
3635.5 fort meno torte 
3642.7 rt as neno forte 


3653.5 0 . meno torte 


issente 
issente 


assent 


97 


3741.0 I i 2. meno forte 


3998.6 i¥ fo 1 meno forte im 


issente 


; 
‘ 
}, 
i 29.8 , for } meno forte in 4, assente 
4 
4 


issente 


forte attenuazion bande del carbonio in 2 e 4 
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La stessa presa, ripetuta nel visibile, ha confermato la presenza del titanio e l’as 
senza del vanadio. 

In questa lastra si rilevano differenze di intensita molto notevoli, tali da poter 
essere considerate come vere e proprie ,,inibizioni“ed ,,esaltazioni“. Si notano aumen- 
ti di intensita specialmente nello spettro (2) degli elettrodi pit sostanza, quello 
cioé preso per primo, a cui corrisponde verosimilmente maggiore quantita di cloruro 
sodico presente; nello spettro (4), preso per secondo, pud essersi avuto perdita di 
cloruro sodico per vaporizzazione e per assorbimento da parte della grafite. 

Si rileva ,,inibizione“ per boro e carbonio, leggera attenuazione per silicio e rame. 

L’osservazione interessante riguarda il titanio. Nello spettro dei soli elettrodi si 
ha qualche debole riga del Ti Il (ionizzato), mentre non si hanno righe del Ti I 
(atomo neutro). Nello spettro degli elettrodi pitt cloruro di sodio le righe del Ti II 
sono pill leggere ancora, mentre compaiono nette, e certune addirittura forti, molte 
righe del Ti I 

Data la presenza di alcune righe del Ti IT nello spettro (3), non é possibile mettere 
in dubbio la effettiva presenza del titanio come impurezza degli elettrodi. II fatto 
osservato deve quindi intendersi come conferma della reale esistenza di una ,,esalta 
zione“ nei riguardi del titanio, ma limitatamente pero alle righe dell’atomo neutro, 
perché nei riguardi dell’atomo ionizzato si ha invece una attenuazione. 

Risultati della prova D — Nel confronto fra lo spettro dei soli elettrodi (3) e degli 
elettrodi pitt sostanza (2 e 4) ho osservato, oltre le righe del sodio, le seguenti altre 
righe, con le differenze di intensita a fianco indicate 

2478,! ) forte in 3, netta in 2 e 4 

2496, netta in 3, assente in 2 e 

2497, netta in 3, assente in 2 e 

2795,5 Mg netta in 2 e 4, leggera in 

2802, Mg netta in 2 e 4, leggera in 

2852, ] leggera in e 4, assente in 3 

3234,5 T leggera in 3, pit leggera in 2 e 4 

3349,( T leggera in 3, praticamente assente in 2 e 4 


3933,6 Cz forte, praticamente di eguale intensita in 3, 


2 4 
3968.5 ; forte, praticamente di eguale intensita in 2, 3, 4 
4226.7 C: netta in 3, leggermente pili intensa in 2 e 4 


forte attenuazione delle bande del carbonio. 

La stessa presa, ripetuta nel visibile, non ha rivelato righe né del titanio né del 
vanadio. 

Si osservano attenuazioni nei riguardi del carbonio e del boro, pratica mancanza di 
variazioni nei riguardi del calcio. Nulla si puo dire di sicuro nei riguardi del magnesio 
(che pur sembrerebbe attenuato) in quanto esso potrebbe essere dovuto ad impurezze 
del cloruro di sodio oppure al pulviscolo atmosferico. Nei riguardi del titanio non 
si hanno righe dello spettro I; si hanno poche righe dello spettro II, che appaiono 
meno intense o addirittura mancanti nello spettro elettrodi pili sostanza, cosi come 
si é avuto nella prova C. 


Non é certamente sulla base di queste quattro prove che si possono trarre con 
clusioni. Queste prove possono tutt’al piii far sperare, come si era previsto, nel 
l’esistenza di un mezzo di eccitazione che non dia praticamente luogo al fenomen« 
delle ..esaltazioni“. 
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Se ne puo tuttavia trarre qualche indicazione per la spiegazione del meccanismo 
delle ,,esaltazioni**, osservando che, nello spettro di arco in presenza di cloruro di 
sodio, le righe dello spettro II del titanio si attenuano, mentre si rinforzano le righ 
del titanio appartenenti allo spettro I (prova ¢ 

Un corrispondente abbassamento non si osserva con la scintilla, verosimilment 
in quanto sorgente luminosa a grado di eccitazione molto superiore (prova D 

Inoltre, lo zinco (potenz. di ionizz. 9,36 V) non rinforza ma bensi attenua | 
righe del titanio (potenz 6.81 V). del silicio (8 12 \ del boro (8.26 V come risulta 
dalle prove B, C, D. Si hanno cioé fatti in netto contrasto con la scala dei potenziali 
di ionizzazion 

Queste prove si debbono tuttavia esclusivamente intendere come |'avvio ad una 
approfondita sperimentazione indirizzata al chiarimento del fenomeno delle ,,esalta 
zioni*™ nei suoi riflessi spettroanalitici. Sperimentazione delicata e difficile, da con 
dursi avanti da parte di pili istituti, in quanto in uno stesso istituto non possono 
trovarsi riuniti tutti i possibili mezzi di eccitazione 

Le condizioni sperimentali dovranno essere vagliate punto per punto 

Non si potra certame nte pro edere con la disinvoltura del WEBB, il quale accetta 
per spettroscopicamente puro il cloruro di sodio in base alla garanzia del fornitore 
Né con la superficialita del DinGLe che dichiara il cloruro sodico esente da titanio 
e da vanadio in base ad uno spettro preso su elettrodi di rame; e cid senza preo 
cupars! della differenza di sensibilita che si puo incontrare passando da elettrodi 
supporto di grafite ad elettrodi supporto metallici. Niente di pit probabile che il 
cloruro sodico di WEBB e di DINGLE fosse realmente esente da titanio e da vanadio 
ma non e certo cosi che essi possono dimostrarlo 

Nello studio approfondito del fenomeno delle ,,esaltazioni“ si presenta quindi in 
primo luogo la difficolta dell’accertamento delle impurezze sia nelle sostanze da 
esaminare » gli elettrodi supporto; in quanto non si puo pili evidentemente 
applicare riterio spettrografico del rinforzo delle righe dello spettro ,,elettrodi 
piu sostanza in confronto con lo spettro de gli elettrodi soli‘ (BARDET Atlas des 
Spéctres d’Arc. C. Dory, ed., Paris 1926) 

Occorrera poisperimentare le sostanze esaltanti in quantita assolute ed in concentra 


») meno grandi, ed estendere la ricerca a tuttii mezzi di eccitazione conosciuti 


i} a apphicazione, con tutte le varie condizioni di regolazione dei medesimi 
) 


( orrera in fine accertarsi se le ,.esaltazioni‘‘ non sieno eventualmente in rela 
zione con reazioni chimiche che possano verificarsi fra le sostanze in esame ed il 
carbonio degli elettrodi (OrTTmaR Leucus; Chemische Vorginge in Kohleelektroden 
Spectrochimica Acta 1950 4 237); il che coinciderebbe con la pit: frequente denuncia 
delle esaltazioni nel caso dell’arco continuo fra elettrodi di grafite 

L,indagine si presenta quindi assai laboriosa. Le relative difficolta non debbono 
pero trattenere i ricercatori perché ,,il giuoco vale bene la candela“ 

Per parte mia mi riprometto di mettermi al lavoro, con l’aiuto di alcuni collabora 
torl, non appena avro ricevuto un impianto totalmente nuovo, che conto mi arrivi 
fra bre vé 

Spero che molti altri, in collegamento o indipendentemente, vogliano contribuire 
alla risoluzione del proble ma 

Non si dimentichi che se non riusciremo a metterci al riparo dalle ,,esalta 
zioni saremo sempre tormentati dal timore (nascente dalla lettura dei libri di 


5O 





Le ,,esaltazioni‘ nell’analisi spettrochimica qualitativa 


HARRISON ¢ coll. e di Dinas) di dichiarare presenti elementi in pit di quelli real- 
mente esistenti nella sostanza in esame. Per cui andrebbero miseramente perdute 
quella sicurezza e quella sensibilita che sono i pregi principali dell’analisi spettro 
chimica qualitativa. 
Riassunto 

Si mettono nella dovuta evidenza i pericoli rappresentati dalle ,,esaltazioni‘ nel- 
l’analisi spettrochimica qualitativa; per le quali ,,esaltazioni‘ si rischia di non poter 
fare distinzione fra gli elementi costituenti impurezze de gli elettrodi supporto e gli 
elementi presenti nella sostanza in esame. 

Si sfiora il problema del meccanismo delle ,,esaltazioni“ e delle ,,inibizioni* 
e si prospetta la possibilita che qualche determinato mezzo di eccitazione non dia 
luogo in misura sensibile al fenomeno delle ,,esaltazioni* 

Si riportano alcuni risultati sperimentali che potrebbero rappresentare un avvio 
alla conoscenza del meccanismo delle ,,esaltazioni, e che fanno sperare che il 
fenomeno non si verifichi in misura sensibile con tutti i mezzi di eccitazione. 


Si insiste in fine sopra la necessita di stabilire la portata pratica del fenomeno, 


e si fa appello alla ricerca in collegamento gra pit istituti, in quanto il problema non 
pud essere risolto in un istituto solo 


Discussione 

Mussa-S. A. Montecatini: Ho riscontrato che é consigliabile, nell’analisi su 
elettrodi supporto di grafite, esaminare non gia gli elettrodi puri, ma gli stessi 
impregnati in acqua regia. 

Il fenomeno segnalato dal Prof. Gazzi é da considerarsi sotto due diversi punti 
di vista: 
a) influenza diioni aggiunti sulla temperatura (gradiente di temperatura) della fiamma ; 
b) assorbimento cromatografico dei diversi soluti da parte della grafite supporto. 
GiorGio Piccarpi: A riguardo delle esaltazioni bisognerebbe distinguere cid che 
avviene in sistema omogeneo gassoso da cid che avviene in sistema eterogeneo. 
Nel I° caso verosimilmente vale la legge dei potenziali di ionizzazione, nel secondo caso 
bisognerebbe tener conto di cid che é avvenuto quando la sostanza é stata adsorbita 
dal carbone, della diversita di concentrazione nei vari strati dei vari elementi, 
della influenza degli ioni negativi come CI-, NOj, etc., i quali sono capaci, a seconda 
dei rapporti relativi di concentrazione, di variare |’intensita delle righe spettrali. 
D. M. Smirn: Effects of enhancement or depression of spectral line intensities, 
in my opinion, may often be related to the phenomenon of selective distillation 
(preferential volatilisation). I wish to draw attention to the recent book by Dr. L. H. 
AnRENS (M.I.T.) on “Spectrochemical Analysis’’ which gives much useful informa- 
tion on this subject, particularly with reference to arc spectra. 
R. Intonti: Ricorda il lavoro di Rollwagen (colloquio di Strasburgo — ottobre 
1950) sull’influenza di quantita variabile di cloruro di sodio sul limite di riconosci- 
mento di elementi a potenziale elevato di ionizzazione. 


Summary 
Attention is drawn to published evidence on the enhancement of some spectrum lines by 
other elements present, and its importance in qualitative analysis. This is illustrated by 
reports on the lines of minor impurities observed in the spectra of graphite with and without 
certain zinc and sodium salts. The need for further research is emphasized. 
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Alcuni aspetti della taratura dei quantometri 
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Introduzione 


in questi ultim! tempi ia comparsa su riviste 


specialmente estere, di articoli riguardanti l’analisi spettrografica a lettura 
Si tratta in alcuni casi della descrizione di apparecchiature sperimentali 
risoluzione di particolari problemi di ricerca; in altri casi invece gli 
occupano di apparecchiature di carattere commerciale che hanno gia 
discreta diffusione presso grandi complessi metallurgici. In generale 
vengono riportati i dati che si ottengono in officina e le difficolta di carattere 

che inevitabilmente s'incontrano nell’esercizio 
“4 presente nota vuol portare un modesto contributo alla questione della taratura 


ntometro A.R.L. progettato per l’analisi degli acciai comuni e debolmente 


gli onconvenienti riscontrati nel metodo comunemente im 
piegato e i tentativi adottati per superarli accennando da ultimo a sistemi che sem 
bran resentare quaiche vantaggio 

Inizieremo comunque con una breve descrizione dell’apparecchiatura di registra 


ne essaria alla comprensione del punti successiv! 


I] quantometer adapter A.R.L.* 

| da una rappresentazione schematica del complesso registratore A,,A,e A, 
rispettivamente gli alimentatori per i fotomoltiplicatori, l’amplificatore e i relé 
\ quattro stadi dei fotomoltiplicatori @ possibile fornire una tensione variabile 
grazie agli attenuatori ATT in modo da poter variare la sensibilita dei fotomolti 
plicatori stessi. Riguardo a questi ultimi diremo ancora che FT1 é predisposto 
1 ricevere la luce della riga del ferro di riferimento mentre FT 2 e FT3 sono illuminati 
sem pre ittraverso-un sistema di fenditure e specchi concavi, dalla luce delle righe 
corrispondenti a due elementi aggiunti E appena necessario aggiungere che per 
ogni elemento aggiunto é necessario predisporre uno di tali fotomoltiplicatori. Ogni 
fotomoltiplicatore pud, chiudendo opportunamente il circuito, caricare le serie dei 

condensatori C, o C,; trascuriamo per il momento i condensatori ( 

La tensione ai capi del condensatore pud essere misurata da un elettrometro 
umplificatore a ponte ad altissima impedenza d’entrata collegato ad un registra- 
tore RG Speedomax di notevole prontezza e precisione munito di una scala divisa 
linearmente in 100 unita arbitrarie. Lo zero del registratore pud essere variato 
igendo sui potenziometri P mentre la sua sensibilita é controllata dai reostati R. 

Vediamo ora le varie fasi attraverso be quali bisogna passare per completare 
una registrazione. Nella posizione di riposo il commutatore coassiale CC é nella 
posizione 1. Dopo il periodo di prescintillamento troviamo J,, /, e J, chiusi; RY-2,, 


eccitato; RY-2,, e RY-2,, non eccitati. In tal modo, mentre vengono caricati 
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contemporaneamente i tre condensatori C,, il registratore segna la carica crescente 
di quello corrispondente alla riga dell ferro. Quando l’indice raggiunge il fondo 
scala, automaticamente si arresta la scintilla; ad intervalli regolari e sempre auto- 


maticamente il commutatore coassiale passa alle posizioni 2 e 3 eccitando in tal 


modo gli RY-2 che connettono C, all’elettrometro ponendo contemporaneamente 


una polarizzazione adatta al tubo V, e una sensibilita prestabilita al registratore 


Vedremo in seguito che le registrazioni che si ottengono in tal modo corrispondono 
secondo una certa scala, ai rapporti d’intensita fra le righe del ferro e degli elementi 
aggiunti. 

3. La taratura delle emulsioni fotografiche 
Dopo questa necessaria premessa sull’apparecchiatura, cerchiamo di stabilire un 
parallelo fra analisi spettrografica normale e quella a lettura diretta e vediamo fino 
a che punto i concetti valevoli per il primo tipo d’analisi rimangono ancora tali per 
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il secondo. E finché non si fara esplicita menzione, ci riferiremo costantemente 
all’ormai classico metodo dello standard interno di riferimento. 

Nella spettrografia ordinaria le fasi che conducono al dato analitico avvengono 
con la sequenza: emissione luminosa, impressione del materiale sensibile, misura 
di rapporti d’intensita. Nella spettrografia a lettura diretta le fasi si susseguono in 
quest’ordine: emissione luminosa, emissione fotoelettrica e carica di condensatori, 
misura automatica dei rapporti d’intensita. 

Le ultime due fasi vengono compiute a brevissima distanza una dall’altra sicché 
il termine ,,spettrografia istantanea”™’ che va sempre pili diffondendosi anche se non 
rigorosamente esatto é perlomeno giustificato. 

De Durante l’emissione luminosa, fase comune ad 
entrambi i procedimenti, l’intensita luminosa di due 
righe corrispondenti a due elementi N ed M di concen 
trazione (’, e C,, & espressa dalla formula 


(1) 
ove aed & sono costanti. Supponendo che M sia il metallo 


base, la formula assume la seguente forma semplificata 


ly 


ove A é ancora una costante. 


AC (2) 


Il passo successivo é quello di valutare questi rapporti d’intensita; si tratta in 
altre parole di un problema di fotometria eterocromatica (in generale). 

Usando |’emulsione fotografica @ necessario determinare il suo responso rispetto 
all’intensita luminosa incidente. E quello che si compie comunemente nella taratura 
delle emulsioni fotografiche. Come risultato di tale procedimento si ottiene la 
cosidetta curva gamma che ha |’andamento riportato in Fig.2 e nella quale sulle 
ascisse sono riportati i logaritmi dei rapporti d’intensita e in ordinate i valori delle 
densita. Notiamo per inciso che |’umulsione fotografica ha proprieta integratrice 
rispetto al tempo. 

Disponendo di una sorgente di scintille molto stabile, ossia tale da riprodurre 
nel tempo i valori dei rapporti d’intensita di cui alla formula (1), non commetteremo 
errori sistematici nella loro valutazione se avremo proceduto ad una corretta taratura 
della emulsione fotografica prima di ogni analisi 


La curva di sensibilita del quantometro 
E possibile trasferire mutatis mutandis — gli stessi concetti della taratura delle 
emulsioni al campo quantometrico ? 
Si noti che la domanda non é di carattere puramente speculativo, bensi si é im- 
posta per l’importanza pratica che deriverebbe da una risposta in senso affermativo in 
quanto i sistemi di taratura dei quantometri non ci sono parsi del tutto soddisfacenti. 


Chiameremo curva di sensibilita di un quantometro quella che si ottiene portando 
in ascisse i rapporti d’intensita e in ordinate le letture ricavate dallo strumento 
registratore; tarare il quantometro significhera determinare questa curva di sensi- 
bilita. Come sara in seguito dimostrato, questa curva in generale é una retta che 
puo quindi essere individuata da due punti. 
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Vediamo come il quantometro possa registrare direttamente i rapporti d’intensita 
che, per gli scopi ben noti, saranno quelli della riga del ferro I.S. e una di un elemento 
ennesimo aggiunto. 

Si tenga poi presente che per ogni elemento aggiunto si procede ad una taratura 


indipendente dagli altri. 

E stato dimostrato che, entro i limiti degli errori sperimentali, l’intensita di 
corrente sviluppata da un fotomoltiplicatore, a parita di tensione fra le placche, 
é funzione lineare dell’intensita luminosa J della luce che lo colpisce. Sia allora i, 
la corrente per la tensione minima V, applicabile ai primi quattro stadi (per gli 
altri é fissa; V. Fig. 1). La carica del condensatore C, dopo il tempo ¢ sara: 

Jo = Wo (Vo, 1) =igt = KIt (3) 
essendo K una costante di proporzionalita. Se vorremo ottenere la carica in cor- 
rispondenza della tensione V, bastera moltiplicare g, per un conveniente fattore g 
funzione di V stessa. Avremo cioé 


q(V,1) =KIg(V)t. (4) 


Come visto in precedenza questa carica, o meglio la tensione ad essa proporzionale, 
é misurata dal registratore Speedomax che presenta responso lineare rispetto alla 
carica stessa. Con una certa carica sul condensatore é possibile variare la deviazione 
agendo sul comando di sensibilita. Indicheremo con a il valore della resistenza R in 
parallelo al registratore. 

D’altra parte per g = 0 @ sempre possibile ottenere una certa deviazione posi- 
tiva o negativa la quale é ottenuta squilibrando il ponte coi potenziometri P; tale 
deviazione @ anche funzione, naturalmente, della sensibilita del registratore. Chia- 
meremo A, la deviazione che si ottiene col minimo di sensibilita; tale valore é pro- 
porzionale alla polarizzazione 2 che daremo al tubo V,. La deviazione dovuta al 
solo comando di zero in assenza di carica sara: 

A=an(l + bo) (5) 
essendo a e 6 altre costanti di proporzionalita. 

In definitiva, la deviazione del registratore collegato al condensatore ennesimo 
sara data dall’espressione 


A, =a,2,(1 + b,0,) +d,o,K,1,q(V,)t (6) 


" 
ove d é ancora una costante di proporzionalita. 

Mantenendo fissi tutti i parametri, 4, @ funzione lineare del tempo; questo é 
quanto si constata effettivamente in base all’esperienza. 

Per la riga del ferro I.8. per t = 0, 4 = 0 ciod lo zero della scala coincide con lo 
zero elettrico dell’apparecchio; si deduce che il primo termine del secondo membro 
della (6) é uguale a zero. Contrassegnando con m il ferro I.8., la deviazione corris- 
pondente sara in ogni istante 


A,, = €,,0,, ala (V_) t (7) 


Abbiamo visto nel cenno di funzionamento del quantometro che durante lo scintilla- 
mento il registratore é collegato col condensatore del ferro e ne registra la carica 
crescente. Quando l’indice raggiunge il fondo scala, la scintilla s’arresta e cessa 


quindi l’integrazione. 
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Si incomincera intanto con lo scegliere o,, e V,, in modo da avere /,, 100 per 
t, prefissato. Raggiunto questo dopo brevi tentativi, dalla (7) si ottiene: 


0 


LO 


dmoOm Kin Im q(Vn 


(S) 


Alla fine dell’integrazione, anche i condensatori corrispondenti agli elementi 
aggiunti risulteranno caricati in una certa misura sicché collegando il registratore 
ad uno di essi avremo una deviazione data dall’espressione 

100 ) 
o * 
che si ottiene sostituendo la (8) nella (6). 


Raccogliendo i termini costanti, scriveremo in forma semplificata 


7 crescente A, a Lp 0,) 


0, g(V,)-K ; (10) 


Osserviamo 

A parita di tutti gli altri parametri, 7 
é funzione lineare dei rapporti d’intensita. 

Il coefficiente angolare della retta 
dipende da o,, il che corrisponderebbe 
ad avere un contrasto variabile a piacere 
e con continuita nel caso della pellicola 
fotografica 

tiportiamo in Fig.3 una rappresentazione grafica di quanto esposto per valori 
di o,, crescenti 

5. La taratura del quantometro 
(a) Metodo degli standards. La taratura di un elemento é effettuata individuando 
la retta per mezzo dei suoi parametri nel nostro caso 2 e o, ammesso che tutti gli 
altri termini rimangano costanti 

E necessario anzitutto avere delle sorgenti luminose o dei dispositivi che fornis- 
cano diversi valori dei rapporti d’intensita. 

Ricordando la (2) e disponendo di due campioni che rispetto all’elemento n-esimo 
presentino le concentrazioni C, e C,, potremo ottenere due rapporti d’intensita 
eccitando con la stessa sorgente i due campioni stessi. E precisamente si voglia 
ottenere le letture /,, e A,. con 


0<A1,,<Aye< 100 (11) 


’ 


’ 


tenendo presenti la (2) e la (10) ponendo ancora C,,, < C,9, si otterra: 

a,x, (1 + 6,0,) +0, 9(V,) BC®, - 
, (12) 
bo») T 0,9 (V,) BCt, 


Il sistema (12) di due equazioni nelle due incognite 2, e o, ammette evidentemente 
un’unica soluzione ed é possibile soddisfare alla (8) per opportuna scelta del para- 
metro V,. La retta di taratura é pertanto individuata. 
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II sistema di taratura descritto é quello che implicitamente viene adoltato dalla 
casa costruttrice. In pratica col provino di concentrazione C,,, si carica il conden- 
satore C,; in un secondo tempo, azionando il comando di taratura che eccita i relé 
RY-1, si carica il condensatore C, col provino di concentrazione C,,,. I due conden- 
satori sono rigorosamente uguali. Collegando con opportuno comando manuale 
alternativamente C, e C, all’amplificatore, si regoleranno i comandi di zero e di 
sensibilita, vale a dire i valori di z, e o,,, fino ad ottenere per tentativi le due letture 
desiderate. [1 sistema (12) resta pertanto automaticamente risolto. 

A questo punto non si confonda la retta di taratura con la curva di lavoro che in 
casi particolari pud essere ancora una retta. Con la taratura noi ci siamo assicurati 
che l’apparecchio ha una data risposta rispetto ai rapporti d’intensita delle due 
righe spettrali prese in considerazione. In base a tale taratura, ci costruiremo la 
curva di lavoro con una serie di provini standard. 

(b) T'aratura con lampada. Appena al disotto della parte centrale della zonarigata 
del reticolo, nello spettrografo A.R.L. é sistemata una lampada (Test lamp) che ha 
lo scopo di tenere sotto illuminazione i fotomoltiplicatori quando la sorgente di 
scintilla non é in funzione in modo da evitare i fenomeni di fatica (V. oltre). La 
stessa lampada pud fornire |’intensité luminosa necessaria al funzionamento dei 
fotomoltiplicatori indipendentemente dal generatore di scintille. La lampada illu- 
mina uniformemente tutta la zona ove si forma lo spettro nel caso della scintilla; 
la sua luce sara bianca con una certa composizione spettrale. Evidentemente la 
risposta del fotomoltiplicatore a questa luce sara diversa rispetto a quella dovuta 
alla luce monocromatica della riga spettrale: ad ogni modo, in mancanza di dati 
sperimentali, si ha ragione di ritenere che le due risposte stiano tra loro in rapporto 
costante rispetto al tempo. Chiameremo dunque /,,, |’intensita luminosa che 
raggiunge il fotomoltiplicatore dell’elemento n-esimo e /,,, quella corrispondente 
al ferro I.8. Ripetendo le operazioni di taratura come in precedenza, procederemo 
alla carica del condensatore C, dando al fotomoltiplicatore del ferro la tensione V.,, ; 
caricando C, passeremo alla tensione V,,, (con V,,, < V,,.) imponendo le condizioni 
di ottenere le letture 4, e A, rispettivamente con: 

0<A,<4,< 100. (13) 


Ricordando la (9) avremo il solito sistema: 


dnon Kn q(Vn) Ion 
a,7,(1 + b.a,) {+ ___ Ald a Ld 
dm Om kK m 7\ J my) } m 
; : (14) 
dynon Kn q(Vn) I 


yn | 
dm Om K m 9 \ ) me) I, m 





a, 2, (1 + 6,¢,,) 


nelle due incognite ,, e a, che vengono in tal modo determinate. Si noti che invece 
di V,, si poteva anche variare) V,,0 entrambe. Il tempo d’integrazione dipende da J, ,, 
che si pud variare agendo su opportuno reostato. In pratica conviene procedere in 
questo modo: si fa anzitutto una taratura con campioni, in modo da essere nel 
campo di concentrazioni conveniente. 

Tenendo questa taratura, si procede alla taratura con la lampada variando op- 
portunamente le tensioni V,, 0 V,, e cercando di ottenere /,, e 2,. contenute nella 
scala. Contemporaneamente si noti il tempo di integrazione. Ripetendo queste 


operazioni in senso inverso, si ottiene una taratura valevole per il campo di con 


centrazioni desiderato. 
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(c) Taratura con filtro a grandini. Si abbia ancora a disposizione la lampada di 
cui si parlava al paragrafo precedente. Di fronte alla fenditura secondaria del 
l’elemento n-esimo proviamo un filtro a due gradini di adatta trasparenza T, e T,. 
Tale filtro potra essere comandato dall’esterno della cassetta dei fotomoltiplicatori 
in modo daschermare, a nostra scelta, la fenditura con la zona di trasparenza 7, o con 
quella di trasparenza T, ; indicheremo queste due posizioni dei filtri coi numeri | e 2 
rispettivamente. La fenditura del ferro I.S. non ha filtro oppure ne ha uno fisso 
di trasparenza 7, 


per la generalita, supporremo di essere in questo secondo caso. 
Eseguiamo la taratura caricando C, con ilfiltro nella posizione 1 e C, col filtro sulla 
posizione 2 con la condizione di ottenere le letture /,,, e 1, rispettivamente. Sia /, 
l’intensita luminosa all’ingresso dei filtri e sia supposta costante per tutti 1 punti 
dello spettro (se questa condizione non é verificata, le formule seguenti subirebbero 
una piccola variazione che ognuno pud immaginare). 


Le intensita luminose emergenti dai filtri saranno 
- I, T, lee lets / 


\pplicando le solite equazioni della taratura, si ha 


Il sistema (15) ammette un’unica soluzione e si pud soddisfare alle condizioni 
,, @ 4, per opportuna scelta del parametro J La soluzione del sistema non 
dipende dal valore dell’intensita luminosa della 
lampada Sick he a rigore, non sarebbe necessa?rio 
disporre di una lampada di intensita assoluta 


mente costante. Scegliendo poi le trasparenze in 


modo opportuno Sl possono ottenere dei rapporti 


d’intensita tali da rendere possibile una taratura 
che sia soddisfacente per gli intervalli di con 
centrazione che interessano 


ns 6. Stabilita di taratura 


_— 
es 


—ue . 


am Chiameremo stabilita di taratura la capacita del 


- 7 

eof registratore di riprodurre le letture (a meno di 
‘ 

Se inevitabili errori elettromeccanici) a parita di 
on rapporti d’'intensita della luce incidente sui foto 


moltiplhi itor! 

In generale la stabilita é verificata per un intet 
vallo di tempo limitato qualunque sia il sistema 
impiegato per effettuarla; qui discuteremo bre 

emente le cause che possono influire su di essa 
invariati i rapporti d’intensita, per soddisfare alle 
re se cambiano i coefficienti dei termini delle 


per esteso con tutte le costanti ¢« he intervengono, 
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I tubi fotomoltiplicatori presentano un fenomeno di fatica, vale a dire la loro 
risposta diminuisce col tempo a parita d’illuminamento. Questo fenomeno equivale 
ad una variazione di K, e K,,; Nella Fig.4 sono riportati i due diagrammi che il- 
lustrano il fenomeno. 

La legge con cui varia K,, col tempo é del tutto empirica e diversa di ogni tubo. 
Fotomoltiplicatori della stessa partita mostrano comportamento diversissimo uno 
dall’altro. 

Il fenomeno della fatica é anche funzione della corrente dei fotomoltiplicatori ; 
comunque, lavorando con intensitaé luminose che variano molto poco al variare 
delle concentrazioni, questo fenomeno sembra meno importante. 

Dalle equazioni scritte si deduce ancora la grande importanza che ha la stabiliz- 
zazione della tensione per |’influenza portata dal termine g(V,,). 


7. Diseussione dei vari sistemi di taratura 
(a) Taratura con campioni. E quella che viene prevista da tecnici dell’A.R.L. 
e comunemente impiegata nei laboratori che posseggono il quantometro, il nostro 
compreso. Come principio dovrebbe essere la migliore in quanto con essa si ottiene 
una relazione diretta fra concentrazioni e letture. I] metodo perd non é immune da 


Tabella 1 
Condizioni di scarica: 15 uF ; 20 Ohm; Induttanza residua; Volt secondario: 940; Prescarica 40” ; 
Searica 20’. 
Campione colata 34099 


~ 
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_ 


rw to 


Media wool » 507 , 0,220 


Standard deviation 2,6 ,67 % , 4.03 





Nota laratura come media di 3 determinazioni su ogni coppia di provini campions 
Valore analitico ricavato dalla media di 3 determinazioni Il campione in esame non é stato 
scelto in base a sue particolari caratteristiche ; pud quindi considerarsi rappresentativo per i not 
mali campioni provenienti dall’Acciaieria 





svantaggi. In primo luogo dovendosi a volte ripetere la taratura ad intervalli 
molto brevi a causa dell’instabilita del complesso, 1 campioni vanno soggetti a fort« 
consumo. E quindi necessario disporne di quantita piuttosto forti per un quanto 
metro funzionante molte ore al giorno 

In secondo luogo é molto raro disporre di campioni molto omogenei sicché 
gli errori casuali dovuti alle variazioni locali di concentrazione si ripercuotono come 
errori sistematici su tutta la serie di analisi effettuate con quella taratura. Per 
minimizzare questi errori conviene, dopo una taratura preliminare, ripetere gli 
standard e prendere come valori di Aas e Ans la media di tre letture. Con questo 
procedimento perd l'inconveniente del consumo dei campioni viene accentuato 
e inoltre viene a determinarsi una forte perdita di tempo. Quest’ultima é di entita 
particolarmenten otevole qualora si disponga di un numero molto limitato di campio 
ni tali da dare tutte le combinazioni di C, e C, per tutti gli elementi desiderati 
Volendo poi effettuare dei controlli durante |’analis‘, la perdita di tempo é verament: 
eCCeCSSI1V a 

Riportiamo alcuni dati sulla riproducibilita in giorni successivi ; tali dati sono suf 
ficienti a dare un’idea sulla precisione di tal sistema di taratura 

(b) T'aratura con lam pada E un metodo indiretto in quanto le diverse cariche dei 
condensatori C, e C, non sono dovute a variazioni d'intensita luminosa ma a cambi: 
menti della tensione ai fotomoltiplicatori. E quindi evidente che un cambiamento 
delle condizioni elettriche di qualche parte dell’apparecchiatura d’integrazione e 


registrazione porteraé ad una taratura che pud essere diversa dalla vera. Tuttavia 


tenendo ben costante la tensione di alimentazione e con gli opportuni stabilizzatori 
incorporati queste cause d’errore dov rebbero giocare un ruolo non molto importante 
L’influenza maggiore é data dalla fatica dei fotomoltiplicatori; per effettuare quindi 


Tabella 2 
Condizioni di scarica: 15 uF : 20 Ohm: Induttanza: residua; Volt secondario: 940; Prescarica 5 
Searica 20° 


Cam pione colata 34962 





Mn 


0,810 0,924 
0,808 0,945 
0,806 0,938 
0,876 0,945 
0.792 0,930 
0,820 0,938 
0,790 0,900 
0.832 0,938 
0.814 0,954 
0,832 0,976 
0.818 0,962 
0,852 0,954 
0,852 0,951 
0,852 0,973 
0,808 0,916 
0,828 0,931 


Media .. , ’ 823 0,944 


Standard deviation . ;, 2, 2, 2,12% 








Aleuni aspetti della taratura dei quantometri 


delle prove di riproducibilita con questo sistema di taratura sara conveniente at 
tendere che, dopo l’accensione dell’apparecchio i tubi siano convenientemente 
stabilizzati. E evidente pero che se i tubi si stabilizzano ad un valore di K che varia 
di volta in volta, la taratura in questione perde molto dei suoi vantaggi che discutere 
mo in seguito 
\ titolo informativo, riportiamo i risultati che abbiamo ottenuto con questa 
taratura. Ogni valore é la media di 5 determinazioni alio scopo di minimizzare gli 
errori dovuti alla segregazione del campione. I 16 valori riportati sono stati ottenuti 
effettuando la taratura a distanza di tempo per ciascuno di essi; l’intera prova 
é durata circa un mese 
I vantaggi che si possono attendere sono questi: si eviterebbero i campioni 
con le variabili che possono influenzare i rapporti d’intensita ; con opportune combi- 
nazioni di V’, e V,, si possono tarare tutti gli elementi del quantometro con un’unica 
operazione ; si possono leggere direttamente le concentrazioni moltiplicando per un 
fattore fisso le letture della scala senza le correzioni che si richiedono in un’analisi 
precisa quando si tara con gli standards. Non nascondiamo tuttavia che il sistema 
é artificioso: il suo difetto principale é@ quello di non utilizzare dei veri rapporti 
ad intensita 
c) Taratura con filtri a gradini Secondo il nostro punto di vista dovrebbe 
essere il migliore in quanto eviterebbe gli inconvenienti dei due metodi discussi 
in precedenza pur conservandone i pregi 
Gli elementi che depongono a favore di questa taratura sono 
[) Eccitazione dei fotomoltiplicatori con ,,veri‘’ rapporti d’intensita 
Il) Indipendenza dai campioni e dalle loro variabili metallurgiche 
[11) Indipendenza dagli errori della sorgente di scintille 
[V) Rapidita per la taratura e il controllo durante le analisi 
\V) Possibilita di variare la scala delle concentrazioni con filtri a pit gradini 
Non ci é per ora possibile dare risultati sperimentali perché le modifiche che si 
rendono necessarie all’apparecchio per questo genere di taratura non sono state da 
no. intraprese () riprometti imo pero di ritornare sull’argomento. 


Ss. Conclusione 
Con questa breve nota ci auguriamo di aver fissato alcuni aspetti fondamentali della 
taratura dei quantometri che possono essere di qualche utilita per chi dovesse iniziare 
il lavoro con tale genere di apparecchiature 
Aggiungeremo che il quantometro é installato nel nostro Laboratorio Centrale 
e da alcuni mesi funziona regolarmente per il controllo della produzione di acciaieria 
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Discussione 
Prof. V. Gazzi: La taratura con filtro a gradini é presumibilmente la migliore in 
quanto da effettivamente dei rapporti d’intensita costanti. Tale rapporto varia 


pero con la lunghezza d’onda 


] 





Aleuni aspetti della taratura dei quantometri 


Dr. A. Giavino: L’osservazione del Prof. Gazzi d’indole generale non ha riscontro 
nel nostro caso specifico in cui si usa un filtro diverso per ogni lunghezza d’onda 


e tal filtro non viene mai sostituito. 


Dr. H. Kaiser: La discussione di tutti i problemi é resa difficile dal fatto che 
non esistono ancora delle definizioni unitarie e perché nella taratura sono compresi 
molti passaggi di valore diverso. E in preparazione uno schema astratto per la strut 
tura logica della valutazione (Spectrochimica Acta 1951 4 351-365). 


Dr. A. Gravriyo: E d’accordo col Dr. Katser sulla necessita dello schema in questione. 


Summary 
Che principles of spectrochemical calibration are outlined, and the analogy of photographi 
and quantometric calibration methods is discussed. After describing the usual calibration 
method using two standard samples, the author describes two other methods; one of these 
uses a standard lamp and analytical results obtained in this way are tabulated. The other 
proposed method would use a step wedge, and has not been tried. 
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Spektralanalytische Spurenuntersuchung in der Kriminalistik 
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Jede Tathandlung, die eine Verinderung in die Umwelt setzt, hinterlaBt zumindest 
voriibergehend Spuren. Diese Spuren lassen sich durch geeignete Untersuchungs- 
methoden analysieren und aus den erhaltenen Ergebnissen Riickschliisse auf die 
abgelaufene Tathandlung ziehen. Vor allem fiir die Kriminaltechnik haben diese 
Uberlegungen Bedeutung, da sich diese Fachrichtung weitgehend auf der Erfassung 
und Deutung der verschiedensten Spuren aufbaut. Es liegt in der Natur der Sache, 
daB bei derartigen Untersuchungen die Aufmerksamkeit besonders auf solche Spuren 
zu richten ist, die da sie in der Regel nicht sehr augenfillig sind bei allfalligen 
Versuchen einer Beseitigung stets iibersehen werden. Allerdings erfordert die Analyse 
derartiger Spuren die subtilsten Untersuchungsverfahren mit héchster Nachweis- 
empfindlichkeit. 

Als ein solches Untersuchungsverfahren in der Kriminaltechnik hat sich vor 
allem die Spektralanalyse sowohl als Emissions- als auch als Absorptionsspektral 
analyse erwiesen ; ist sie doch die ,,Spurenmethode* im wahrsten Sinne des Wortes 
Bei der Emissionsspektralanalyse liegt die Erfassungsgrenze bei rund 0,001 %. 
Nach unseren Erfahrungen lassen sich bei einem Verbrauch von wenigen Milli 
grammen unter entsprechenden Bedingungen absolut genommen, Mengen eines 
Elementes in der GréBenordnung von 0,01 y erfassen. Absorptionsspektralanaly 
tisch lassen sich noch Stoffe bestimmen, die in der GréBenordnung von wenigen 
Milligrammen bis zu Bruchteilen derselben vorliegen 

Die Emissionsspektralanalyse wird man immer dann anwenden, wenn aus der 
Kenntnis des Gehaltes einer Probe an chemischen Elementen entsprechende Schliisse 
gezogen werden kénnen, also vor allem bei Identitatspriifungen. Der Verbrauch an 
Substanz ist bei derartigen Untersuchungen duBerst gering, es geniigen mikro- 
skopisch kleine Partikel, die Analyse ist mit einem Arbeitsgang vollstandig und das 
Ergebnis in Form des Photogrammes ein dauerndes Dokument, das jederzeit vor 
gelegt werden kann. Besonders hervorzuheben ist, daB sich aus den Spektro- 
grammen durch Auswertung des Schwirzungsverhiltnisses der Linien der einzelnen 
Elemente Vergleichszahlen ergeben, die Schliisse auf die quantitative Zusammen- 
setzung der Proben zulassen, ohne daB man die absoluten Mengen der einzelnen 
Partner zu kennen braucht, wodurch der Identitétsbeweis mitunter wesentlich 
prizisiert werden kann. 

Nach unseren Erfahrungen hat sich fiir derartige Untersuchungen die Anregung 
im mechanischen AbreiBbogen, wie er von der Schule W. GeRLAcH [1], [2], [8] 
entwickelt wurde, als Methode der Wahl erwiesen. Sie vereinigt in sich die durch 
die Bogenanregung bedingte hohe Nachweisempfindlichkeit mit der Méglichkeit 
der Verarbeitung kleinster Substanzmengen, wobei diese nicht durch ein Bindemittel 
auf der Elektrode befestigt werden miissen. Als Trigerelektroden werden spektral- 
reine Kohlen z. B. von Ruhstrat oder solche aus Elektrolytkupfer verwendet, der 
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Bogenstrom hat eine Spannung von 100 V, die Stromstarke schwankt zwischen 3 bis 
10 Amp und betriigt im Mittel 5 Amp. Die Spektren werden mit einem Quarzspektro 
graphen Q 24 bei einer Spaltbreite von 0,005 mm aufgenommen, wobei die Bogen 
strecke entweder mittels eines Quarzkondensors F = 80 auf dem Spalt abgebildet 
oder direkt vor dem Spalt so aufgestellt wird, daB der Kollimator voll ausgeleuchtet 
ist. Als Photomaterial verwenden wir fiir derartige Untersuchungen die von der 
Firma Guilleminot (Paris) herausgebrachte ,,Super-Fulgur-Platte‘‘, da diese cine 
Empfindlichkeit besitzt, die nach unseren Erfahrungen von keiner anderen Spektral 
platte iibertroffen wird. Sie schleiert zwar leicht, aber bei qualitativen Unter- 
suchungen ist dies von untergeordneter Bedeutung. Dafiir lassen sich aber mit dieser 
Platte noch Elemente in solchen Konzentrationen erfassen, auf die andere Platten 
iiberhaupt nicht mehr ansprechen. In vereinzelten Fillen, insbesondere dort wo 
es notwendig war auch Anhaltspunkte iiber die Mengen zu erhalten, haben wir 
diese Plattensorte unter Einhaltung entsprechender Bedingungen auch mit Erfolg 
fiir quantitative Bestimmungen herangezogen. 

Einige Beispiele aus unserer langjahrigen Praxis seien zur Illustration angefiihrt. 
Fiir die Darstellung der Ergebnisse wird im allgemeinen die Zusammenfassung in 
Tabellen der Wiedergabe von Spektrogrammen vorgezogen, da die Reproduktion 
der letzteren, besonders wenn es sich um das Erkennen von nur durch Spuren be- 
dingte sehr schwache Spektrallinien handelt, in der Regel unbefriedigend ausfallt. 
Zur Kennzeichnung des aus der Schwiarzung der Spektrallinien abgeleiteten rela- 
tiven Gehaltes der einzelnen Elemente in den verschiedenen Proben wurden folgende 
Zeichen eingefiihrt t+ sehr stark, +4 stark, + nachweisbar eben 


noch nachweisbar (Spur), nicht nachweisbar 


Bekanntlich ist der Zwischenraum zwischen der Panzerung von feuerfesten 
Kassen zwecks Wiarmeisolation mit Schlackenstaub ausgefiillt. Wird ein solcher 
Panzerschrank erbrochen, so kommt es zu einer erheblichen Staubentwicklung. Dies 
wurde einem Schrinker zum Verhingnis. Der aufgewirbelte Staub der Fiillung 
haftete sehr fest auf dem vom Schwei8 durchfeuchteten Oberhemd, aber auch die 
Nase hatte eine entsprechende Staubmenge aufgenommen. Wir erhielten zur Unter- 
suchung ein ziemlich verschmutztes Oberhemd und ein Taschentuch, das dicke 
Krusten von eingetrocknetem Nasensekret aufwies. Es wurden sowohl vom Ober 
hemd als auch vom Taschentuch die verschmutzten Stellen vorsichtig abgeschabt, 
desgleichen auch die Oberfliche von nicht verschmutzten Stellen zu Vergleichs- 
zwecken und von diesen Proben sowie von einer Probe des Schlackenstaubes der 
Panzerkasse die Emissionsspektren wie oben ausgefiihrt aufgenommen. Das Ergeb- 
nis ist in Tabelle 1 zusammengefaBt. Im Schmutz des Oberhemdes und des Taschen- 
tuches lieBen sich die gleichen Elemente nachweisen, die im Schlackenstaub aus der 
Panzerkasse enthalten waren, wihrend die Proben von nicht verschmutzten Stellen 
dieser Kleidungsstiicke frei von den Spurenelementen, vor allem frei von Chrom, 
Mangan, Titan, Vanadin und Wolfram waren. Nach dem Intensitatsverhaltnis der 
Linien der einzelnen Elemente zueinander waren sie in simtlichen Proben in an- 
nahernd der gleichen Konzentration vorhanden. 

Bei einem anderen Kasseneinbruch kamen mehrere Personen als mutmaBliche 
Tater in Frage. Es wurden uns daher Staubproben aus Kleidungsstiicken von ver- 
schiedenen Personen sowie Vergleichsproben von dem Material, aus welchem die 
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Spektralanalytische Untersuchung des Schmutzes auf einem Oberhemd 
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erbrochene Panzerkasse bestand, zur Untersuchung tibergeben. Das Ergebnis ist 


aus nachfolgender Tabelle 2 ersichtlich. 


Tabelle 2. Spektralanalytische Untersuchung von Kleiderstaub einen Einbruch betreffend 
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Trager 
der braunen Hose in Betracht zu ziehen war. Sowohl der Staub aus der Stulpe 


Daraus ist unschwer zu entnehmen, daB als mutmaBlicher Tater nur der 


dieser Hose zeigte hinsichtlich seines Gehaltes an chemischen Elementen gute Uber- 
einstimmung mit der Zusammensetzung der Schlackenfiillung der erbrochenen 
Kasse, als auch die aus dem Staub dieser Hosenstulpe isolierten Lacksplitter zeigten 
neben der gleichen duBeren Beschaffenheit, wie Farbe und Struktur, das gleiche 
Hingegen fehlten 
im Staub aus der Stulpe der grauen Hose die Elemente Antimon, Titan und Vanadin. 


anorganische Pigment wie der Lack-Innenanstrich aus der Kasse. 
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Selbstverstindlich wurden die Staubproben vor der spektralanalytischen Unter- 
suchung simtlichen hier tiblichen Analysenverfahren unterworfen. 

AnschlieBend sei die Aufklirung des Diebstahles eines Traktors durch die Spek 
tralanalyse berichtet. Von dem entwendeten Fahrzeug wurde in der Nahe seines 
friiheren Standortes die von den Dieben entfernte und weggeworfene Firmentafel 
des rechtmaBigen Eigentiimers aufgefunden. Diese Tafel war in der iiblichen Weise 
aus Blech verfertigt und trug auf weiBem Lackgrund in erhabener Prigung die 
Bezeichnung der Eigentiimerin. Die Buchstaben waren schwarz gefirbt. An den 
Randern wies nun diese Firmentafel Streifen einer griingrauen Farbe auf, wie solche 
beim Lackieren des Befestigungsortes der Tafel oft entstehen. Das schlieBlich von 
den Sicherheitsorganen aufgefundene Fahrzeug, das nach seiner Bauart als das in 
Frage kommende angesehen wurde, hatte eine ganz andere Farbe als die auf der 
genannten Firmentafel sichergestellten Anstrichreste. Eine Besichtigung des frag 
lichen Fahrzeuges ergab, daB es vor kurzem einen neuen Farbiiberzug erhalten haben 
diirfte. Es wurden nun die einzelnen Farbschichten von den verschiedensten Stellen 
des Fahrzeuges vorsichtig abpripariert und diese Proben sowie die einzelnen Lack 
proben der Firmentafel spektralanalytisch untersucht. Das Ergebnis ist in Tabelle 3 
zusammengestellt. 


Tabelle 3. Spektralanalytische Untersuchung von Anstrichfarben betreffend den Diebstahl eines 
Traktors 





Probe l Ba | Ca | Cr Cu! Fe |K Mg | Mn |Na! Pb |Sb) Si 
> + ; T - + —————+T 


Farbe vom Tank 


om Kihler 


Kot 





rungrauer 


Farbfleck vom 





Firmenschild 


Weibe Grundfarbe 
vom Firmen 


schild 


= hwarze I arbe 
der Buchstaben 
des Firmen 


schildes 





Wie daraus zu entnehmen ist, stimmt die Zusammensetzung der griingrauen 
Farbe von den Randpartien der Firmentafel mit dem urspriinglichen Anstrich des 
fraglichen Fahrzeuges gut tiberein, so daB der SchluB berechtigt war, dab es sich 
bei beiden Objekten um den gleichen Anstrich handeln diirfte. 

Sehr erfolgreich laBt sich die Emissionsspektralanalyse zur Klirung von Ver 
kehrsunfillen heranziehen. So lassen sich an den Kleidern von Personen, die von 
Fahrzeugen niedergestoBen wurden, sehr oft Farbreste von deren Anstrich stammend, 
spektrochemisch nachweisen. Nachfolgende Tabelle 4 bringt das Ergebnis der 
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Tabelle 4. Spektralanalytische Untersuchung von Farbflecken auf Kleidern und des Lackanstriches 
eines Fahrzeuges 





Probe Al Ba Ca Cr Cu Fe K Mg Mn Na Pb/Sb Si 8S Ti Zn 


Fahrzeuglack 

Jacke: Farbfleck 
Jacke: Vergleich 
Beinkleid: Farbfleck. 
Beinkleid: Vergleich 





Untersuchung einen solchen Fall betreffend. Wie daraus zu entnehmen ist, zeigen 
die auf der Jacke und den Beinkleidern des Verungliickten aufgefundenen Farb 
flecke hinsichtlich ihres anorganischen 
Pigmentgehaltes gute Ubereinstimmung 
mit dem des Farbanstriches des Fahr 
zeuges, womit der Fall geklirt war 
In einem anderen Fall war ein Mann 
in schwerverletztem Zustande auf einer 
kleinen Briicke liegend aufgefunden wor 
den. Zu klairen war, ob dieser Mann vom 
Soziussitz eines Motorrades gestiirzt oder 
niedergeschlagen worden war. Die Leiche 
zeigte u.a. eine schwere Schadelverletzung 
die bis auf den Knochen reichte. Wie aus 
Abb. 1 ersichtlich ist, zeigte das Scheitel 
bein an dieser Stelle einen Eindriickungs 
bruch und die Bruchrinder wiesen fein Abb. 1 
ste Auflagerungen einer kérperfremden 
dunkel gefirbten Substanz auf. Die spektrochemische Untersuchung dieser Auf- 
lagerungen im Vergleich mit abgeschabter Knochensubstanz von einer bruchfernen 
Stelle ergab das Vorhandensein der Elemente Barium, Blei, Chrom, Strontium, 
Titan, Zink und Zinn, Elemente, die auch in der Anstrichfarbe des Briickengelinders 
vorhanden waren. Somit konnte durch die Untersuchung sichergestellt werden, daB 
die tédlichen Verletzungen durch Anprall an das Briickengelinder erfolgt waren. 
Aber auch zur Fiihrung des Beweises der Nichttaterschaft eignet sich die Spektral- 
analyse. Es war festzustellen, ob ein bestimmtes Fahrzeug ein anderes gerammt 
hatte. Der Verdacht fiel auf dieses Fahrzeug, weil sich auf seiner StoBstange Spuren 
eines Farbanstriches vorfanden, die in ihrer 4uBeren Beschaffenheit dem Lack 
anstrich des gerammten Fahrzeuges sehr ahnlich waren. Die spektralanalytische 
Untersuchung der Farbproben ergab, wie aus Abb. 2 zu entnehmen ist, daB der 
Farbanstrich des gerammten Fahrzeuges als Grundelement Barium enthielt und frei 
von Titan war. wihrend die auf der StoBstange des anderen Fahrzeuges vorgefunde 
nen Farbreste Titan. aber kein Barium enthielten. Es konnte somit dieses Fahrzeug 


den Unfall nicht verursacht haben 
Mit groBem Erfolg laBt sich die Spektralanalyse auch zur Klarung von SchuB 


verletzungen heranziehen, wie an einem Beispiel gezeigt werden soll. An einer durch 
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zweijahriges Liegen im Erdgrab skelettierten Leiche konnten bei der Exhumierung 
(Obduzent Dr. N. WOLKART 9g am 3. und 4 Halswirbelkérper rinnentormige 
Absplitterungen ferner eine bohnengrobe Ausspreng ng an der Innenseite des 
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Unterkieferastes, knapp oberhalb der Eintrittsste rechten Unterkiefernerven 
festgestellt werden. Nach Zusammensetzung der oberen Halswirbelsiule und des 
Schadels zu Herstellung de i omiscnen Lage im Korper zeigte sich, dab dic 
Verletzunger in den Wirbelkérpert und an 
Unterkieferast einer Geraden, d.h. in 
Hohe und Richtung lagen (vgl. Abb. 3 


Dies dringte zu der Annahme. daB diese Ver 
re] SchuBverletzung darstellte1 
Die spektralanalytische Untersuchung det 
Knochensubstanz in der Umgebung der Ve1 
etzungsspuren ergab das Vorhandensein vor 
und Chron wihrend die ZU Verglei 
zwecken untersuchten Teile der Knochen, di 
von 1 Verletzungsstellen weit entfernt 
waren ch irel von diesen Elementen e! 
wiesen, W! ius Abb. 4 zu entnehmen ist 
Hier sei besonders darauf hingewiesen, daB 
bei der spektrochemischen Untersuchung von 
Schubstellen vor allem an Kleidern groBb« 
Erfahrung erforderlich ist da das Element 
slel und um dieses handelt es sich vor 
ndsatz oder vom GeschoB stammend sehr weit verbreitet 
wodurch es leicht zu Fehlschliissen kommen kann. Manchmal kann in solchen 
Fallen eine quanti ve Bestimmung zum Ziele fiihren 
Weiters bietet | on SlONSSIxM ktralanalyse grolx Moglichkeiten bei der Auf 
findung von Verg gen mit Metaligiften, besonders dann, wenn die Vergiftung 
bereits langere Zeit zuriickliegt, so daB der gréBte Teil des Giftes bereits wieder aus 
dem Korper ausgeschieden ist 
Bei einer schlieBlich tédlich verlaufenen Sublimatvergiftung konnten in den 
libergebenen Leichenteilen und zwar in den ersten Giftwegen (Magen-Darmkanal) 
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0,009 mg-%, in den Organen der zweiten Giftwege (Leber, Nieren, Milz und Lunge) 
0,012 mg-% Quecksilber nachgewiesen werden. Eine Ubersichtsaufnahme mit 
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Abb. 4 1 Vergleix hsprobe vom Knochen von schuBferner Stelle 2 Knochensubstanz von der 
SchuBverletzung im Unterkiefer 
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Abb.5. 1 1. Giftwege (Magen-Darmkanal); 2 II Giftwege (Leber, Nieren, Milz, Lunge); 3 Kohle 
mit 10y Hg; 4 Kohle mit 5y Hg; 5 Kohle mit 1 y Hg. 


entsprechenden Vergleichswerten bringt Abb. 5. Bei derartigen Untersuchungen, 
insbesondere fiir quantitative Bestimmungen beniitzen wir mit groBem Erfolg die 
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Lésungsanal ys¢ Als Triage relektroden beniitzen wu entweder vorgewirmte 
Ruhstrat-Kohlen oder Elektroden aus eloxiertem Reinstaluminium. Die Anregung 
erfolgt im gesteuertel Funken mittels FEUSSNERschen Funkenerzeugers dis An 
regungsbedingungen sind ( 3000 pF, L = 0,8 mH, LU 8 kV, der Elektroden 
abstand betrict 2.4 mn Die Abbildung des Funkens erfolgt mittels Zwischen 
abbildung bei voll geéffneter Zwischenblend 
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Mit diesem Verfahren konnten wir gemeinsam mit H. JANSCH an einer nach 
7 Jahren enterdigten Kindesleiche das Metallgift Thallium noch einwandfrei nach 
weisen, waihrend hier simtliche mikrochemischen Verfahren versagten. Abb. 6 bringt 
eine Ubersichtsaufnahme mit entsprechenden Vergleichswerten. Der Bestimmung 
ging selbstverstaindlich eine chemische Anreicherung voraus. Die erste Fillung 
erfolgte als Jodid mit Kupferjodid, die zweite mit Ammonsulfid bei Gegenwart von 
Eisen. Unseres Wissens ist dies bis jetzt der einzige Fall, wo nach so langem Ruhen 
im Grabe Thallium nachgewiesen werden konnte. DaB es sich hier um eine gesetzte 
Thalliumvergiftung handelt war damit geklirt, denn nach unseren langjihrigen 
Erfahrungen ist in enterdigten Leichen, die bei Lebzeiten nie mit Thallium in Be 
rihrung kamen, dieses Element nicht nachzuweisen 

In diesem Zusammenhang sei noch erwaihnt, daB wir mit Hilfe der Spektral 
analyse nachweisen konnten, daB bei tiberlebten Thalliumvergiftungen das Metall 
im Muskelgewebe gespeichert wird. So fanden wir in den Muskeln einer Frau, die 
einmal geringe Mengen Thallium erhalten hat, dann aber nach einem Jahr an einem 
Karzinom starb, 5 y Thallium je 100 g Gewebe [3]. 


70 





Spektralanalytische Spurenuntersuchung in der Kriminalistik 


Aber auch die Absorptionsspektralanalyse laBt sich mit Erfolg zur Aufklarung 
vieler Geschehen heranziehen. Wir verweisen nur auf die verschiedenen Unter 
suchungen zur Identifizierung von Farbstoffen, pharmazeutischen Praparaten, vor 
aliem aber auf den Nachweis und die Bestimmung von den verschiedensten, heute 
liberall verwendeten Lésungsmitteln. Wir konnten mit Hilfe der Absorptions- 
spektralanalyse verschiedene Male Benzinvergiftungen nachweisen, indem wir die 
in den getrunkenen bzw. eingeatmeten Benzinen enthaltenen aromatischen Kohlen 
wasserstoffe wie Benzol und seine Homologen, bzw. Naphthalinkohlenwasserstoffe, 


as | 











200A 
Absorptionskurven der Alkoholdampfdestillate von J Magen s. Inh.; 2 Darm s. Inh.; 


3 Milz; 4 Harn; 5 Nieren einer akuten tédlichen Benzinvergiftung. 


wie Abb.7 zeigt, auf diesem Wege mit Sicherheit erfassen konnten [4], [7]. Gemein- 
sam mit A. LuszczaK wurden von uns gerade fiir die Untersuchung von Lésungs- 
mitteln wahrend langjahriger Arbeiten geeignete spektralanalytische Arbeitsinethoden 


ausgearbeitet [6]. 


Diskussion 
EK. SALPETER: Anwendung der quantitativen Spektralanalyse zur Feststellung der 


Entfernung, von der ein SchuB auf ein Objekt abgegeben wurde. 


K. PFEILSTICKER: Wir verwenden den hochfrequenzgeziindeten AbreiBbogen auch 
fiir kriminalistische Untersuchungen. Mit konischen Elektroden von 1—1,5 mm 
Flachendurchmesser erreicht man eine ausgezeichnete Empfindlichkeit. Mikro 
skopisch kleine Spuren kénnen mit einem befeuchteten Glasfaden leicht auf die 
mit 0,002 ml Haftlésung versehenen Elektroden gebracht werden. Die qualitative 
\uswertung ist nicht immer ausreichend, da z. B. Anstrichfarben meist eine aihnliche 
Zusammensetzung haben. Es ist aber nicht notwendig den Gehalt selbst zu be 
stimmen, es geniigt vielmehr die Feststellung einer relativen Kennzahl. 


F.X.Mayer: Bei der quantitativen Bleibestimmung an SchuBverletzungen, auch 
zur Ermittlung der Entfernung, ist groBe Vorsicht zu iiben, da bei der Entnahme 
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des Probenmaterials groBe Fehlerméglichkeiten gegeben sind, weil Blei ein sehr 
haiufig vorkommendes Element ist. Nach unseren Erfahrungen sind die Haare der 
gréBte Schmutzfinger, den wir kennen, und nur sehr schwer zu reinigen, so daB der 
artige Untersuchungen oft nicht zu dem gewiinschten oder erhofften Ergebnis fiihren. 


Zusammenfassung 
An Beispielen aus der Praxis werden die Vorteile aufgezeigt, die die Anwendung der Spektral 
analyse zur Klarung kriminalistischer Probleme bietet. Die Anregung im mechanischen Abreif 
bogen wird fiir derartige Untersuchungen bevorzugt. An Beispielen werden gebracht: Auf 
klarung von Kasseneinbriichen, von Verkehrsunfillen, von SchuBverletzungen, von Metall 
vergiftungen sowie von Lésungsmittelvergiftungen, die auf absorptionsspektralanalytischem 
Wege gelést wurden. 


Summary 


The value of spectrum analysis for forensic problems is discussed, and illustrated by examples. 
In general an interrupted arc source is used. Examples are chosen from cases of safe-breaking, 
of road accidents, from poisoning by metallic compounds and by solvents; the latter requiring 
absorption spectra for their identification. 
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Spettroscopia, archeologia e metallurgia 


GIORGIO PICCARDI 


Istituto di Chimica fisica della Universita di Firenze 


Che delle ricerche spettrochimiche potessero risultare estremamente utili agli studi 
archeologici era cosa nota da molto tempo. Io stesso, quando, circa diciotto anni 
fa, fu costituita una Sezione Naturalistica in seno all’/stituto di Studi Etruschi di 
Firenze, sottolineai la convenienza di usare metodi spettrochimici nel campo della 
Archeologia e di questi mi servii pit volte per lo studio di preziosi materiali antichi. 
Del resto, ¢ evidente che la possibilita di effettuare una analisi su quantita piccolis- 
sime di sostanza o addirittura sul pezzo medesimo senza manometterlo minima- 
mente, riconoscendo e dosando non soltanto i componenti principali ma anche quelli 
accessori 0 allo stato di tracce, deve considerarsi sommamente utile per la conoscenza 
delle tecniche e quindi delle civilta dei nostri predecessori. In quest’anno, VAN 
DooRSELAER, in una memoria pubblicata sugli Atti della Reale Accademia Fiam- 
minga di Gand, ha ribadito ancora una volta questo concetto fondamentale e- cioé 
che delle ricerche rapide e complete, quali quelle condotte per via spettrochimica, 
possono risultare di grande utilita per la conoscenza dei manufatti antichi ed ha 
riferito su di un metodo spettrochimico, particolarmente adatto all’ analisi dei 
bronzi, da lui messo a punto. 

Non sono molto sicuro che una ricerca sistematica nel campo archeologico possa 
dare direttamente e semplicemente dei risultati. Di cid fu discusso in una appo- 
sita seduta tenuta presso |’/stituto di Studi Etruschi circa un anno fa. Ho avuto 
infatti l’occasione di constatare come fra i resti trovati in uno stesso luogo, cioé 
dove sorgeva un tempio, dedicato verosimilmente a Sellene, presso Chianciano, si 
fossero rinvenuti bronzi si pud dire di tutte le composizioni possibili: da quelli 
binari — rame e stagrio, ma piuttosto poveri in stagno — a quelli ternari, ricchissimi 
in stagno e piombo. II Prof. UccEL11 in un bellissimo studio sui materiali trovati 
sulle navi del Lago di Nemi, ha constatato come i romani fondessero un bronzo 
apposito per ogni bisogna, cosicché il bronzo dei cardini di una porta ha caratteristiche 
diverse da quello di un mascherone decorativo, o da quello di una piastra di copertura. 
Non é certamente la conoscenza delle percentuali degli elementi, dird cosi, fonda- 
mentali quella che ci pud illuminare sulla eventuale cronologia dei materiali studiati, 
né sulla loro provenienza. Pit: importanti dei componenti principali sono, caso mai, 
quelli accessori, ma anche per l’utilizzazione di questi non ci si pud affidare al risul- 
tato grezzo di una ricerca sistematica. La ricerca va effettuata secondo un ,,filo 
conduttore“ che indichi, a sua volta, quali debbono essere gli ,,elementi conduttori“. 
Vi sono elementi accessori che caratterizzano certe date regioni e possono servire 
ad indicare la provenienza dei metalli e quindi le vie lungo le quali avvennero gli 
scambi fra gli antichi abitatori. 

Questo per quanto riguarda l’aiuto che la spettrochimica puo dare all’ archeologia. 
Ma se la spettrochimica messa a servizio dell’archeologia puo dare utili risultati io 
trovo che, inversamente, |’indagine spettrochimica dei materiali antichi pud porre 
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alla moderna chimica fisica e quindi alla moderna metallurgia, una quantita di 
problemi interessantissimi e portare pertanto un contributo non disprezzabile alla 
scienza d’oggi. In questo caso |l’archeologo pud fornire i materiali adatti ai nuovi 
studi. Nel non breve corso della mia esperienza ho trovato fra gli altri un esempio che 
mi sembra molto adatto ad illustrare questo punto di vista. 

Una delle nostre celebri statue, il S. Lupovico da Tolosa di DONATELLO, era 
stata dorata a fuoco. Nel corso di cinque secoli sono avvenuti attraverso |’esilissimo 
strato di oro processi, invero poco noti, i quali hanno portato alla formazione al di 


sopra dell’oro, di una patina spessa, resistente, pressoché vetrosa. Durante i lavori di 


restauro effettuati subito dopo la guerra é apparsa sotto la patina la copertura d’oro 
di cui si ignorava |’esistenza. L’esame della patina al disopra e del bronzo al di 
sotto dell’oro, ha dimostrato che lo stagno durante i cinque secoli occorsi per la for 
mazione della patina, non é stato capace di attraversare |’esilissimo strato di oro 
mentre rame e piombo lo hanno attraversato facilmente. Misi é presentato dunque 
un problema che impropriamente potrebbe dirsi di ,,migrazione‘‘, che appare del 
massimo interesse. E questo é un caso. 

Esaminando i resti di certe statue equestri del 1° secolo d.C., recentemente rin 
venuti presso Ancona (meravigliosi esempi dell’arte fusoria romana) mi sono trovato 
davanti ad un analogo problema. Questa volta il bronzo era stato coperto non col 
velo sottilissimo della doratura a fuoco, ma con una spessa foglia di oro, applicata 
sul bronzo mediante un processo particolare del quale ora é inutile parlare. La 
terra adiacente alla statua era tutta intrisa di sali metallici provenienti dalla statua 
stessa. Mentre rame e piombo appaiono abbondanti nella terra intrisa, sia in prossi- 
mita che in lontananza della statua, lo stagno non vi compare minimamente. I! 
fenomeno puo dirsi analogo a quello osservato nel caso del 8. Lupovico, ma le 
condizioni in cui é avvenuto sono state molto diverse. A parte il maggiore spessore 
di oro sulla statua romana e il tempo maggiore trascorso, 1800 anni invece di 500, 
‘ambiente in cui sono avvenute le trasformazioni non é per nulla paragonabile. 
Mentre il 8. Lvpovico é rimasto lungo tempo o al coperto od in una nicchia esistente 
sulla facciata di 8S. Croce a Firenze e quindi é stato all’asciutto ed ha subito sol 
tanto l’azione dell’aria e dell’umidita, o tutt’al pii di qualche saltuario scroscio 
di pioggia a vento, i bronzi romani rimasero sepolti poco al disotto della superfice 
di un campo e subirono l’azione dell’acqua, dei sali, delle sostanze umiche, dei 
fertilizzanti, etc. Nonostante |’intervento di tanti fattori lo stagno non ha attraversato 
la lamina d’oro 

Oltre a studiare il processo di ,,migrazione“‘ del rame e del piombio vi sarebbe 
da studiare come il metallo si é trasformato nella immediata vicinanza della lamina 
d’oro e come possa ancora, dopo la perdita di una notevole quantita dei propri 
componenti, reggere saldamente la doratura, senza accennare a sgretolarsi. 

Questo esempio potra dare una idea dei problemi che |’archeologia pud portare 
davanti alla scienza moderna. Problemi posti e non ancora risolti. 

Né questi sono i soli che siano stati incontrati. Certi fenomeni apparsi durante il 
restauro delle porte del Battistero di Firenze, ep articolarmente sulla porta detta 
del Paradiso, del GuisEert1, darebbero molto filo da torcere agli studiosi. Si tratta 
di certi ,,trasudamenti“ di metalli o di ossidi metallici attraverso lo strato di oro, 
talvolta tanto rapidi da poter essere seguiti a vista d’occhio, cosicché |’oro gid messo 
allo scoperto, giallo e splendente, si copre quasi improvvisamente di uno strato rosso 
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verosimilmente rame od ossidulo di rame. Si noti che era stato ,,dimostrato” dai 
competenti che l’oro dopo tanto tempo non avrebbe potuto trovarsi alla superfice 
del bronzo, perché assorbito dal bronzo stesso allo stato colloidale. Il restauro invece 
ha brillantemente dimostrato il contrario. Ma é inutile dilungarsi su queste cose. 

Se l’archeologia, tramite la spettrochimica puo fornire alla chimica fisica nuovi 
argomenti di studio, pud portare anche, tramite la spettrochimica e la scienza dei 
metalli, un’importantissimo contributo alla metallurgia moderna ed in particolare 
all’arte fusoria. Bisogna dire che |’arte fusoria degli antichi aveva raggiunto un’in 
comparabile perfezione, perfezione che si perse in tempi barbarici e che non fu 
piu ritrovata, né durante la ripresa rinascimentale, né dopo. Non si creda che io 
affermi questo per amore dell’iperbole. Quei fonditori di cose d’arte che conoscono 
le opere antiche sanno bene che, con tutti i mezzi che la scienza e la tecnica 
pongono oggi a loro disposizione, non possono fare cid che gli antichi furono capaci 
di fare. Vi dirdé anzi che é stato proprio uno di questi, il Cav. BEARzI a segnalarmi 
la cosa, da quel grande intenditore che é 

Dovete pensare che le statue romane di cui vi parlavo poco fa, ad es. il cavallo, 
che é a grandezza naturale, é stato fuso tutto di un getto. Lo spessore di questo 
é piccolissimo e varia da uno a due millimetri. La sua testa é tanto leggera che la 
si pud sollevare da soli senza difficolta quasi fosse di carta pesta anziché di bronzo 
I migliori fonditori italiani e stranieri interpellati circa lo spessore da dare al metallo 
nel fondere una testa di cavallo a grandezza naturale, hanno risposto di non potersi 
tenere al di sotto di 4mm. Non parliamo poi della bellezza del getto, di come ha 
riprodotto tutti i particolari e tutte le pastellature, della sua evidente scorrevolezza 
nella forma. Si noti che se il metallo si é alleggerito per essersi in parte perduto 
sotto forma di sali in seno alla terra, la foglia d’oro é ancora al suo posto, solidamente 
fissata al metallo, e non é dubbio che l’attuale superfice esterna sia la superfice 
originale. Dalla parte interna si riconoscono ancora tutte le granulazioni dovute alla 
sabbia della forma e non é dubbio che quella sia la superfice interna originale; lo 
spespore non é variato dunque il metallo é sempre stato cosi sottile. Un vero 
miracolo. Perché oggi nessuno é capace di fare altrettanto ? 

E questo il punto importante da discutere. Basta osservare attentamente le 
opere prebarbariche per convincersi che |’arte fusoria aveva raggiunto una perfezione 
dalla quale siamo ancora molto lontani. Da cid consegue che uno studio accurato dei 
materiali ed una ricostruzione della tecnica degli antichi risulterebbe cosa somma- 
mente utile per la metallurgia moderna. 

E sconcertante il constatare come con tutto il nostro sapere e tutti i nostri 
mezzi, non si riesca a fare quello che senza tante conoscenze e con i mezzi assoluta 
mentali rudimentali (rudimentali dal nostro punto di vista) sono riusciti a fare gli 
antichi. La causa di questo curioso stato di cose risiede verosimilmente nella nostra 
mentalita razionalistica. Mi spiego: 

Quando noi fondiamo le nostre leghe usiamo metalli di purezza nota e garantita. 
Un nostro bronzo al piombo puo considerarsi, e lo é di fatto, una lega ternaria che 


risponde perfettamente a quanto teoria ed esperienza ci hanno indicato. Ma questo 


bronzo sta ad un vero bronzo da statue, come una soluzione acquosa di caffeina e sac- 
carosio sta ad una autentica tazza di caffe oppure come una soluzione idroalcoolica 
di acido tartarico sta ad un bicchiere di vino. L’analisi chimica ben poco puo dirci 
in che cosa consista la differenza per es. fra un vino piemontese, uno toscano ed uno 
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veronese; l’aver determinato le percentuali di a qua di alcool, di acido tartarico 
ed ant he di qual he com] onente minore non e certo cosa sufficente ad individuare 
le caratteristiche per le quali tali vini vengono riconosciuti, differenziati ed apprezzati 
Il chimico, utilizzando metodi scientifici, non riesce a definire cid che invece viene 
agevolmente definito dall’intenditore, il quale appoggiandosi su criteri completa 
mente diversi sa distinguere, apprezzare e valutare. Qualche cosa di simile deve 
essere avvenuto nei riguardi dell’arte fusoria. Gli antichi non erano degli scienziati 
ma degli intenditori, i quali utilizzando quello che la natura offriva loro, forti dei 
loro particolari accorgimenti, riuscivano a fondere quei bronzi che oggi tanta 
meraviglia destano in chi ha pratica di arte fusoria. Parlo naturalmente di fusione 
dal lato metallurgico e non da quello artistico il che @ cosa comple tamente diversa 
11 nostro rinascimento ci ha dato bellissime statue, pessimamente fuse 
Difficile é il dire come si arrivera a ritrovare tanta sapienza perduta. E giusto 
percid pensare ad una stretta collaborazione fra ,,intenditori“, archeologi, spettro 
chimici, chimico fisici e metallurgici. E passando al campo pratico dird che il 
Cav BEARZI ha preso quest anno contatto personale diretto col Sig. GETTENS del 
Fogg Art Museum della Harvard University, dove erano gia stati condotti studi sui 
bronzi antichi cinesi, ed ha discusso lungamente il problema con lui, portando 
sia il contributo della sua lunga esperienza di fonditore di statue, sia quello dei re 
centi risultati conseguiti nel mio Istituto studiando alcune opere famose, quali il 
S. Lupovico di DonaTELLo, la Vasca Maggiore di Perverts, la Tavola Hebana, il 
cavallo romano del 1° secolo, i frammenti della Biga di Chianciano. Apparve da 
questi colloqui anche |l’opportunita di interessare alla cosa |’Jstituto Internazional. 
del Restauro aggregato al British Museum di Londra (che ha sede in Bruxelles) 
Sono gia stati interessati lJ] stituto Nazionale del Restauro di Roma. I' Istituto di Studi 
l’ Associazione Italiana di Metallurqia Istituto di Chimica Fisica 
Ing. Lopez pe Azcona del Consejo Superior de Traba 
lale curera in parti olare il materiale arche ologi o iberico 
uspici della Associazione Italiana di Metallurgia un Centro 
lavori avranno precisamente l’indirizzo prima indicato 


hi notizie precise, utili allo sviluppo della nostra 


osi un nuovo campo di studio, dove sara applicato un metodo di indagini 
aiquanto diverso da quelli soliti KE por he si trattera di studiare non soltanto le 
leghe i in sé stesse, ma anche i processi metallurgici partendo dai resti delle 
mimiere allora coltivate, dei forni di fusione e dei materiali ad essi connessi l’opera 


dello spettrochimico sara ancora una volta. accanto a quella dell’. intenditore“‘ 


del nico fisico, del metallurgico e dell’archeologo, una delle pit efficaci ai fini 
di una rapida ed esauriente soluzione di tanti problemi 


Summary 


The possibie scope of spectrochemical analysis in its application to the unsolved problems of 


archaeolog ind of ment foundry techniques is outhined 
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Determinazione spettrochimica del silicio nelle ghise ed osservazione della 
microstruttura corrispondente 


M.S. Rosettra 


FIAT Stab. Grandi Mot. Lab. Chim 


Coy o della relazione é quello di illustrare la seTie di prove es eguite dal Laboratorio 
Spettrografico della FIAT Grandi Motori allo Sscopo di eliminare le anomalie e le 
divergenze di dati che si verificarono quando venne richiesta |’analisi spettrografica 
di una gamma di ghise ad alta resistenza prodotte secondo il processo Meehanite. 

Queste anomalie e divergenze riguardano esclusivamente il silicio in quanto 
tutti gli altri elementi determinabili per via spettrale rivelarono sempre, sia nelle 
analisi quotidiane di controllo che nella serie di prove eseguite, una regolarita 
soddisfacente 

Il Laboratorio FIAT Grandi Motori @ dotato di uno spettrografo a lenti di 
quarzo Zeiss Q 24 con il quale gia da qualche anno esegue dnalisi di diversi tipi 
di leghe ferrose e non ferrose 

La determinazione spettrografica delle ghise @ stata una dei primi problemi 
affrontati da parte nostra. 

La messa a punto dell’apparecchio e i procedimenti di analisi allora adottati 
non sono stati mutati né variati se non per quanto riguarda la forma e dimensione 
degli elettrodi e sono stati accettati dal Centro Ricerche Spettrochimiche dell A.I.M 
come modalita standard di lavoro per analisi in collaborazione 

Elenchiamo qui appresso le prescrizioni di lavoro da noi usate 

Spettrografo Zeiss Q 24 

Generatore Feus 

Eccitazione FF 4 

Resistenza sul p 

Diaframu 

Diafrar 

Fenditura 0,02 


Prescarica 2 
contrasto Urto 


yadina Osram 12 \ 

Obiettis 

Prefenditura 

Fenditura dell: 

Righe analitiche utilizzate | Valutazione ftotometrica 
Fe 2689,2/Cr 2677 ) 
Fe 2926,6/Mn 2939,3 
Fe 3399.3/Ni 3414.8 


Fe 2828.6 Mo 2816.2 


Fe 2880.7 Si 2881.6 


Forma degli elettrodi: diametro 4,5 mm i “gy 7 10 mm 
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Le modifiche portate in seguito a questo metodo riguardano unicamente la 
forma degli elettrodi 

L’analisi spettrografica delle ghise, sebbene eseguita con apparecchiature e 
materiale standard, non é un problema a soluzione unica in quanto ogni singolo 
laboratorio lavora su materiale a composizione chimica diversa con proprieta 
fisico-meccaniche diverse. Un primo inconveniente fu notato nello scintillamento 
irregolare che si verificava talvolta per tipi di ghise al nickel-cromo; si penso di 
ovviare a questo inconveniente mediante un raffreddamento pili lento colando cioé 
gli elettrodi in sabbia anziché in conchiglia. L’accordo tra i dati spettrografici e 
quelli ottenuti per via chimica confermarono il vantaggio di questo procedimento 
la preparazione del provino da 4,5 mm di diametro cra cosi sufficiente a garantire 
una buona struttura grigia confrontabile con quella degli elettrodi campione 

Nel novembre dello scorso anno la nostra/fonderia, iniziava la produzione di ghisa 
giornaliera secondo il metodo Meehanite e inviava all’analisi coppie di elettrodi 
a due a due provenienti dal medesimo mestolo di prelevamento 

Alcuni tipi di queste ghise sono ottenuti con cariche ad alta percentuale di 
acciaio e sono caratterizzate da una resistenza alla trazione abbastanza elevata 
(~35—38 kg per mm* su provetta di 30mm di @). Queste ghise manifestano 
una pil alta temprabilita rispetto alle ghise di produzione precedente 

Fu appunto eseguendo determinazioni su questi provini che si manifestarono 
le prime divergenze nei tenori di silicio, divergenze che in un primissimo tempo 
vennero imputate a trascuratezza e disattenzione dell’analista; al persistere di 


questi scarti talvolta molto forti ed alla impossibilita di una riconferma del dato 


precedentemente ottenuto, si cercdé una giustificazione nel metodo di analisi. Dato 
che in questo periodo anche l Laboratori delle Fonds ree Ce ntrali FIAT avevano 
riscontrato anomalie della determinazione del silicio a cui si era ovviato con una 
maggiorazione del diametro degli elettrodi, decidemmo di provare am he noi tale 
accorgimento aumentando il diametro degli elettrodi da 4 a 7 e poi in seguito a 
10mm. Si noto che il grano di rottura da bianco nei provini da 4mm diventava 
progressivamente piu grigio nel provini a diametro superiore 

Con l’elettrodo da 10 mm che ancora oggi usiamo si effettua una prima grossolana 
pulitura alla mola ed una parziale tornitura dalla parte de!la superficie attiva; 
quest'ultima viene poi preparata al tornio sotto forma di semi-cupola, passata 
alla tela smeriglio indi lucidata specularmente su panno con pasta al manganese 
0 all ossido di cTromo 

Questa importante modifica, pur riuscendo vantaggiosa per lo scopo che ci 
eravamo perfissi non riusci ad abolire completamente le divergenze riscontrate 
tanto da indurci ad un controllo generale di tutta | apparecchiatura. Con lo spettro 
grafo 8 24 gentilmente messoci a disposizione dal Laboratorio della FIAT Acciaiervé 
eseguimmo 5 lastre spettrografando per 5 volte 6 coppie di elettrodi relativi ad 
una fusione scelta a caso. I risultati di questa prova riportati nella tabella N.° | 
bastarono a rassicurarci che le divergenze (in tabella contrassegnate con asterisco) 
non dipendevano dal ns apparecchio ed a convincerci che la causa di queste anomalie 
andava ricercata negli elettrodi inviatici in analisi 

L’esame strutturale dei campioni di ghise giornaliera fino a quel momento 
si era limitato all’ osservazione del grano di rottura. Non avevamo infatti ritenuto 
necessario approfondire in materia in quanto la stabilizzazione della scintilla 


is 
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Tabella 1 





NO Numero Lastra 


provino Ss ; 161 172 182 


Elemento Medie 





1.80 1,77 1,76 1,76 
1,80 1,90* 1,80 1,67* 
1,94 2,10°* 2,03 2,01 
2,09 203 2,10* 2,00 
1,86 2.03* 1,87 1,86 
1,90 1,89 1,87 1,86 


Silicio 


0,71 0,69 0,70 0.72 
0,68 0,69 0,70 0,68 
0,43 0,42 0,44 0,39 
0,44 0,41 0,42 0,39 
0,78 0,78 | 0,80 0,77 
0,78 0,77 0,80 0.76 


Manganese 


0,20 0,175 | 0,19 0,20 
0,175 0,185 0,185 0,20 
0,072 0.084 0.07 0,086 0,09 
0,072 0,080 0,07 0,076 0,09 
0,107 0.1] 0,108 0,125 0,127 
0,103 0,103 0,106 | 0,118 0,12 


i 


* Dalle medie sono stati esclusi i valori con scarti troppo forti contrassegnati con asterisco. 


Cromo 








aveva sempre richiesto un tempo inferiore a quello fissato dalle modalita di lavoro 
ed il fenomeno del riscaldo degli elettrodi aveva caratterizzato solo casi rarissimi per 
tipi di ghise a forte tenore di cromo. 


L’esame della struttura che per Tabella 2 





queste osservazioni era sempre parso vo | Analisi spettrografica 


Campront T ee ee — 
Si Mn Cr 


portanza non appena iniziammo le é - 

“] . > ( ; ¢ ’ a § é ‘ ; , > +. P . 
riconferme di alcune an ulisi che Pre- 551/160 93 | 0,61 0,41 
sentavano scarti notevoli nei valori ! 0,63 0.40 


superfluo si rivelé di una certa im Lastra 


: 4 lee nareachia w » inn fe : 
del silicio. er parecchie volte infatti $/51/169 1.89 0.63 0.39 
non solo si ottennero dei dati com- 83 0.63 | 0,38 
pletamente diversi ma si osservo 180 0.62 0.39 
uno scambio di questi come se 0.63 0.40 
fosse stato permutato l’ordine degli 





spettrogramml. 

In un caso particolare riportato nella tabella 2 per i campioni A e D aventi 
la medesima composizione chimica, si poté osservare come alla costanza dei dati 
relativi agli altri elementi corrispondesse per il silicio un particolare comportamento 
basato su scambi e medie di dati. 

Per approfondire la causa di queste anomalie, venne decisa una série di osser- 
vazioni micrografiche e si effettud giornalmente per un certo periodo di tempo 
l’analisi spettrografica di terne di elettrodi identici come composizione ma a dia- 
metro diverso e precisamente di 4, 7, 10 mm. Per facilitare il confronto tra i risul- 
tati, le terne da noi analizzate riguardano solo colate di ghisa GC ed I i cui tenori 
di cabonio si corrispondono (C = 3,10). 
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M.S. Rosetta 


Come gia avevamo avuto la possibilita di notare, in queste serie di prove gli 
scarti si riscontrano unicamente per il silicio, per il manganese ed il cromo si 
osservano rarissimi casi di divergenza solo per elettrodi a diametro inferiore. Pet 
tanto in base ai soli valori del silicio, abbiamo suddivise le terne dei dati ottenuti 
in tre gruppi a seconda del valore in eccesso o in difetto degli scarti stessi ed abbiamo 
osservato la struttura micrografica per 1 casi a nostro avviso pil rappresentativl. 

Essendo troppo lungo riportare qni tutti i dati ricavati in queste analisi abbiamo 
trascritto nella tabella N.°3 alcune terne di dati per ciascun gruppo, terne che 
illustrano i seguenti comportamenti: 

1, 2, 3. Costanza di dati spettrografici e buon accordo con l’analisi chimica. 

‘ 6, 7. Searto notevole per i dati relativi agli elettrodi a diametro inferiore. 


Buon accordo con |’analisi chimica per i dati relativi al 07 e 10. 


8, 9, 10. Tenore inferiore di silicio con elettrodi a 0 inferiore. Mancanza quasi 
assoluta di accordo con |’analisi chimica 

Le conferme per via umida sono state fatte su materiale prelevato mediante 
trapanatura dalle materozze del provino spettrografico, mediante tornitura dagli 
elettrodi stessi e in alcuni casi, in tabella contrassegnati con asterisco, mediante 
frantumazione dell’elettrodo con il mortaio di Abich. 

Dall’esame micrografico dei campioni elencati risulta quanto segue: 
l. Ghisa GO fusione del 6/3 Provino N.° 1 

§ 10. Centro nettamente perlitico. Inizio di reticolo ledeburitico ai bordi. ‘La pulitura alla 
mola e la tornitura del provino eliminano completamente la zona ledeburitica (Fig. 1). 

#7. Centro perlitico con reticolo di ledeburite appena accennato in alcuni punti. Bordo 
ledeburitico (Fig. 2 

04. Ledeburite a chiazze di perlite al centro (Fig. 3 

Ghisa I fusione del 23 3 Provino N° 15 

@ 10. Chiazze di perlite in ledeburite (Fig. 4 

07. Chiazze di perlite in ledeburite (Fig. 5 

04. Struttura ledeburitica (Fig. 6 

Ghisa GC fusione del 10/4 Provino N.° 16 

910. Struttura completamente perlitica (Fig. 7 

#7. Centro perlitico e ledeburite ai bordi (Fig. 8). 

04. Struttura perlitica con reticolo di ledeburite pili accentuato ai bordi (Fig. 9). 

Ghisa I fusione del 7/3 Provino N.° 4 

910. Struttura perlitica al centro, al bordo ledeburit« 

67. Centro perlitico con reticolo di ledeburite. Ledeburite ai bordi 

04. Chiazze di perlite in ledeburite 

Ghisa I fusione del 16/3 Provino N.° 6 

§ 10. Centro grigio con reticolo di ledeburite. Prevalenza di ledeburite ai bordi. 

07. Chiazze abbondanti di perlite in ledeburite. Bordi ledeburitici 

04. Rare chiazze di perlite su ledeburite. 

Ghisa GC ftusione del 9 4 Provino N.® 8 

#10. Macchie di perlite in ledeburite preponderante 

07. Struttura quasi completamente ledeburitica 

04. Ledeburite 


; ) 


Ghisa G¢ fusione del 22 3 Provino N° 7 
010. Centro grigio, ai bordi ledeburit« (Fig 10 

07. Al centro chiazze di perlite su ledeburite. Ai bordi prevalenza di ledeburite (Fig. 11). 
04. Piceole chiazze di perlite su ledeburite (Fig. 12 
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8. Ghisa GC ftusione del 17/4 Provino V 10 
010. Chiazze di perlite su ledeburite 
7. Chiazze rare di perlite su ledeburite 
04. Struttura quasi completamente led 


Duritica 


Confrontando i dati analitici con i risultati dell’esame micrografico si pud 
constatare che 

(a) La struttura perlitica é, in linea di massima la struttura ideale per ottenere 
buone condizioni di eccitamente. Nei casi 1, 2, 4, 5, 7, 8 infatti, l’accordo tra i 


dati spettrografici e i dati chimici viene raggiunto unicamente con elettrodi a 


grana grigia; detto accordo viene a mancare quando la struttura é in prevalenza 
ledeburitica anche nel diametro massimo. 

(b) In alcuni casi (2 e 6 per esempio) si sono ottenuti buoni risultati pur operando 
con provini prevalentemente ledeburitici, pero nelle analisi ripetute in un secondo 
tempo (tabella N.° 4) questi dati non hanno avuto conferma. 

(c) In altri casi (9 e 10) nessun valore spettrografico é in buon accordo con i 
dati ottenuti per via umida sebbene l’esame micrografico riveli per il diametro 
medio € massimo una struttura perlitica. Ripetendo le analisi si sono ottenuti 
dei valori di riconferma abbastanza buoni ma sempre in disaccordo con i valori 


chimici 
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La tabella N.° 4 riporta i dati di analisi relativi ai casi 2, 

Pur derivando da una serie non trascurabile di analisi (~190 determinazioni 
per il solo silicio, 52 terne di elettrodi di 4, 7, 10 mm) le conclusioni tratte da questo 
confronto risolvono solo in parte il problema che ci eravamo posti. 

Dalle prove fatte risulta chiaramente dimostrata l’impossibilita di eseguire 
una buona analisi spettrale operando su materiale a struttura ledeburitica e usando 
come elettrodi tarati sia campioni a ghisa grigia che a ghisa bianca. Con questa 
struttura infatti, non é possibile ottenere che in rarissimi casi un buon scintillamento 
e di conseguenza i valori del silicio, elemento pit di tutti gli altri sensibile alle 
condizioni di eccitamento, vengono di volta in volta a variare. 


Tabella 4 





N.° ne An. Spett. An. Chim. Struttura 
Provino lastra sul § 10 10 micrografica 





101 1,73 
15 (1) fusione 23/3 267 1,66 Ledeburite 
268 | 1,70 
180 
8 (GC) fusione 9/4 267 45 >) Ledeburite 
268 
141 
11 (GC) fusione 23/4 267 ,56 45 Perlite 
268 
160 
12 (GC) fusione 9/4 267 ,7$ - Perlite 
268 








Con la struttura perlitica si raggiungono nella maggioranza dei casi le condizioni 
normali di eccitamento e si ottengono di conseguenza dei dati in buon accordo 
con l’analisi chimica. A questo regolare comportamento si presentano pero delle 
eccezioni non gia nella costanza dei dati stessi, ma nel mancato accordo con i 
valori ottenuti per via umida. 

Tali anomalie, che appunto per la loro particolarita di comportamento e per 
il loro carattere di estrema saltuarieta, non possono venire imputate a difetti del 
materiale sensibile, a nostro avviso potrebbero venir originate: 


1. Dalla presenza in quantita pili e meno grande di elementi la cui percentuale 


nei tipi di ghise da noi prese in esame non viene di solito valutata. 


2. Dalle dimensioni del grano cristallino. 

3. Dalle caratteristiche stesse della perlite. 

E’noto infatti come le proprieta meccaniche della ghisa, in particolare la resi- 
stenza alla trazione (a parita di composizione chimica della provetta rispetto agli 
elementi che normalmente si determinano cioé C, Si, Mn, P, 8) dipendano talvolta 
da elementi come il rame, cromo, nickel la cui presenza deriverebbe dalla etero 
geneita del materiale in carica ed in particolare del rottame e provenienza piu 
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disparata ltra causa di grande variabilita, sempre per quanto riguarda la resi 


stenza alla trazione, ¢ leg al sistema di condotta della colata ed in particolarc 


alla disossi 


dazion ; C10 comporta una i none de lla vrosseZzza de! gTano 


ra do uindi | notevole influenza tal fattori esercitano sulle pro 
siamo portati a pensare che tale influenza veng 
portando ad una pili o meno buona conduc 


interessante 


meno risolta 





Spectrochimica Acta, 1952, Vol. 5, pp. 87 to 96. Pergamon Press Ltd., London 


Osservazioni sull’analisi spettrografica della ghisa 
R. Berta e A. PALisca 


Fiat. Torino 


Scopo della presente relazione é di esporre delle osservazioni su certe anomalie 
nell’analisi spettrografica della ghisa; anomalie che furono riscontrate quando il 
nostro Laboratorio di Ricerche e Controlli inizid il controllo sistematico delle 
fusioni di ghisa per via prevalentemente spettrografica 

Da tali osservazioni derivarono delle leggere modifiche al metodo d’analisi sino 
allora seguito. Inoltre furono fissate delle modalita per il prelievo e la preparazione 
dei provini, modalita che sortirono il loro effetto, tanto da portare |’analisi spettro- 
grafica della ghisa ad una precisione soddisfacente 


Modalita di analisi 


Riferiamo qui appresso le modalita di analisi spettrografica della ghisa elaborate 
a suo tempo dal nostro Laboratorio Ricerche e Controlli 


Spettrografo a quarzo Zeiss Qu 24 in a — 
Generatore Feussner da 220 V / C 
tesistenza sul primario: 75 Ohm ( 





Capacita: ~ 3000 pF 
Immagine intermedia a fuoco: 2700A 
Diaframma intermedio: 0 | 


A 
Tensione sul secondario (a vuoto): ~12kV , ) 
Induttanza: ~0,8 mH / \ 
—{ HW }+———_- 4 
y 7 
i 
| | 
8 


Diaframma di camera: 1/10 

Fenditura: 0,02 mm 

Prescintillamento: 2’ 

Posa: 130’’—2’ (a seconda della rapidita delle lastre, 
molto variabile da partita a partita) 

Elettrodi: del materiale di analisi 

Forma degli elettrodi: a punta emisferica di diam. 4 mm 

Distanza degli elettrodi: 2 mm 

Materiale sensibile: lastre fotomeccaniche Ferrania Ultra Contrasto Orto 80 HD 














Linee per la fotometria: 
Si Fe 2880—Si 2881 Cu Fe 2253—Cu 2247 
Mn Fe 2926—Mn 2933 Cr Fe 2675—Cr 2677 
Ni Fe 2307—Ni 2316 Mo Fe 2880—Mo 2816 


Elettrodi campione 
Gli elettrodi campione erano stati preparati nel nostro Laboratorio in forno Tam- 
mann in crogiolo di grafite, e colati in forme di sabbia preventivamente riscaldate. 


La forma del provino da cui si ricavavano gli elettrodi campione era quella di 


Fig. 1. 
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La composizione analizzata per via chimica era la seguente 


Tabella 1 





Elettrodo N 





Provini per |’ analisi 
I provini per |’analisi erano ricavati per tornitura dai getti o frammenti inviati 
in analisi. Le punte erano poi lavorate alla mola nella forma richiesta; gli elettrodi 
cosi preparati venivano preferibilmente ossidati mantenendoli per un paio di minuti 
alla temperatura di 1000° C, e raffreddandoli successivamente in acqua; Ja zona 
sottoposta alla scintilla era poi accuratamente pulita e lucidata su panno. Questa 


operazione serviva ad impedire che la scintilla risalisse sull’elettrodo, evitando 


cosi la dispersione dell’energia di scarica. Si era infatti osservato che i fotogrammi 
eseguiti con elettrodi ossidati presentavano un annerimento maggiore di quelli 


eseguiti con elettrodi non ossidati 


Risultati conseguiti 
Onde rendere evidente la precisione e la costanza delle analisi ottenute con il metodo 
surriferito, facciamo seguire due tabelle riferentesi all’analisi eseguita su parecchie 
lastre, nelle condizioni sopra illustrate, di due ghise scelte a caso fra quelle inviateci 
in analisi. 
Tabella 2. Provino N 2427 





Analisi chimica 0.07 


Lastra 798 0.068 


816 
832 
834 


837 a 7 OF 45 0,068 


0.005 
0,067 


0,068 


842 : 7 : P 0,068 
845 
847 
4 2 ’ - 0,068 


0.069 


0,068 


852 
857 9 ¢ ; 45 0.068 


medie 0,068 


err. medio 0.004 0.0002 


0.7 * 2 6 0.2° 


err. quad. m 





Poiché tali risultati erano ottenuti con l’esecuzione di un solo spettrogramma 
per campione (solo qualcuno dei dati é stato calcolato in base alla media dei risultati 
di due spettrogrammi), si rileva la bonta del metodo e la precisione delle analisi 


SS 
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Tabella 3. Provino N.° 3963 





Mn 


Analisi chimica . 0,83 


aa 
~t 


t 
ores 


Lastra 770. : 0,85 
O85 
0,84 
0,84 
0,87 
0,84 
0,84 
O,85 
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0,82 


~ 


0,87 


bo to tot 


0,85 


0,82 
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o> te 
= | 


wot 
ur 


0,83 
0.83 
0,84 0,30 
0,84 0,27 
0,83 0,29 
0.81 0,26 
0.83 0,27 
0,84 0,26 
900 7! 0,84 0,27 


medie .. l, 0,84 0,269 
err. medio . 0,025 0.011 0.011 


err. quad. m. 1,6 % 1,7 % 6,0 % 





che, ripetiamo, pud essere ancora migliorata, volendo fare delle analisi di particolare 
importanza solo aumentando il numero degli spettrogrammi per campione. 

A tale proposito si osserva che per ripetere una seconda volta l’analisi di una 
coppia di elettrodi gia scintillati, é sufficiente ravvivare la superficie dell’elettrodo 


con carta smeriglio finissima e lucidarla poi sul panno. 


Anomalie nell’analisi spettrografica del silicio nella ghisa 

Tale era la situazione dell’analisi spettrografica della ghisa, quando la nostra fon- 
deria richiese il controllo spettrografico sistematico delle fusioni di ghisa dei forni 
elettrici. 

Si rese necessario percid il controllo della composizione delle ghise nei forni 
di fusione ad arco, onde poterne fare le correzioni, ed in quelli di attesa ad induzione, 
onde controllare l’esattezza della composizione all’atto della colata. 

Il servizio forni provvide ad inviare sistematicamente per l’analisi dei provini 
di ghisa colati in sabbia, della forma indicata in Fig. 2, in cui due delle tre bacchettine 
di diametro 4mm servivano all’analisi spettrografica, mentre dal resto del getto 
si potevano ricavare i truccioli necessari per l’analisi chimica. 

Tra i vari elementi normalmente analizzati nella ghisa é particolarmente interes- 
sante il silicio, principale agente grafitizzante della ghisa; ed appunto nella 
determinazione di questo elemento cominciarono a manifestarsi delle anomalie. 


8o 





Infatti alcune anal himiche eseguite saltuariamente per controllo rivelarono 
talvolta delle diverg purtroppo rilevanti dalle corrispondenti analisi spettro 
grafiche, divergenze che non erano da imputarsi ad errore di esecuzione. Finch 
il tenore di silici anteneva intorno all’ 1,7—2 cli scarti fra le due analisi 
erano esig bencl inche qui talvolta si notassero delle differenze; si notavano 
invece deg! cal tevo ri di questo inte rvallo 





A 


4 


2919 
3116 
3195 





Diamo di seguito alcuni valori osservati nelle analisi di confronto di questo 
periodo Tabella 4 

Si nota che mentre per i tenori inferiori i dati chimici erano inferiori a quelli 
spettrografici, succedeva il contrario per quelli superiori; si poteva pertanto pre 
sumere che i valori del silicio negli elettrodi campione (le cui analisi erano state 
pi: volte ripetute e da pili laboratori), si ponevano su una curva di taratura la 
cui inclinazione differiva da quella corretta. Purtroppo pero gli scarti erano cosi 
irregolari che non si riusciva ad afferrare il punto d’incontro delle due curve, né 
la differenza d’inclinazione 

Poniamo qui in evidenza le differenze sostanziali tra gli elettrodi campione 


quelli da analizzare 





Elettrodi campione Elettrodi da analizzare 


—____ — _ —— —— —— —_—— + - —______—___ 


Modo di produzions Crogiolo di grafite in forno Tammann Forno elettrico 


Tenore di carbonio 3,6—3,8 % 3,1—3,4% 





Osservazioni 
Dallo studio di queste anomalie risultarono delle osservazioni interessanti 


a) Gli elettrodi campione producevano generalmente sulla lastra annerimenti pit intensi 
di quelli degli elettrodi da analizzare 

b) La regolarizzazione della scintilla con elettrodi non ossidati avveniva dopo 20—40” per 
gli elettrodi campione; dopo 90-—180” per gli altri. S’intende regolarizzata la scintilla quando 
questa scocca con continuita fra i due punti pili vicini degli elettrodi, senza risalirne le pareti 


laterali 
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c) Negli elettrodi da analizzare i tempi di regolarizzazione della scintilla erano pit brevi 
quando la grana di rottura degli elettrodi rivelava una ghisa grigia, pit lunghi con ghisa bianca 
o trotata. Percid il prescintillamento di 2’, sufficiente per la regolarizzazione della scintilla 
nelle ghise grigie era il pit delle volte insufficiente per le altre. Di conseguenza gli scarti fra 
i valori di analisi eseguiti in doppio su ghise grigie erano generalmente minori di quelli tra 
i valori di analisi in doppio effettuate su ghise bianche. Si fa rilevare che gli elettrodi campione 
presentavano tutti grana grigia. 

d) Si notava generalmente una grana di rottura grigia con tenore di carbonio e silicio pit 
alti, e viceversa. 

ce) Si notava un forte riscaldamento degli elettrodi di ghisa bianca tanto da rendere neces- 
sario l’uso delle pinze per afferrarli alla fine della presa, cid che non avveniva per la ghisa 
grigia. 

f) Sottoponendo le provette fuse in forno elettrico ad una rifusione in forno Tammann il 
tenore di silicio rilevato spettrograficamente si avvicinava sensibilmente a quello chimico. 
Si fa notare incidentalmente che contrariamente a quanto si poteva attendere da una rifusione 
di ghisa in crogiolo di grafite, non si aveva apprezzabile aumento del tenore di carbonio (0,03 fino 
a 0,05%). Inoltre ricavando per via meccanica una coppia di elettrodi dalla materozza, il 
valore spettrografico del silicio era praticamente coincidente con quello chimico. Citiamo un 
esempio molto significativo di quanto sopra detto riportando le analisi di un provino in cui le 
determinazioni chimica e spettrografica avevano trovato inizialmente dei valori molto differenti: 





Analisi Analisi 


Provino N.° 6156 
chimica spettrografica 


Elettrodi ricavati dalle bacchette ... — a ; 2,44 
Elettrodi ricavati dalla materozza . ; 2,44 


Provino rifuso elettrodi ricavati dalle bacchette .. . 2,42 





Cid spiega fra l’altro la precisione delle analisi riportate nelle tabella N.° 2 e 3 
e di tutte quelle dello stesso periodo, dato che allora i provini erano ricavati diret- 
tamente dai getti per lavorazione meccanica. 


Deduzioni 
Sulla scorta di queste osservazioni si poterono dedurre i seguenti insegnamenti: 


a) Non si possono effettuare delle analisi spettrografiche di ghise grigie e ghise bianche, usando 
per ambedue indifferentemente la stessa serie di elettrodi campione. E nostra opinione che 
cid sia dovuto in minima parte ad un diverso comportamento del silicio rispetto all’emissione 
spettrale nei due casi; ma che piuttosto si debba imputare il fenomeno alla differente condu- 
cibilita elettrca delle fasi cementite e grafite, per cui si spiega anche la differente produzione 
di calore per effetto Joule. Ne deriva che per la diminuita energia di scarica certe prese risultano 
meno annerite; 6 quindi da discutere l’opportunita di tarare il silicio di quelle prese su una 
curva costruita con degli annerimenti base diversi. Questa ipotesi trova conferma nel fatto 
ben noto che si hanno differenti inclinazioni delle rette di taratura di un elemento anche usando 
nella fotometria zone differentemente filtrate delle linee spettrali d’analisi e quindi con densita 
molto diverse. Facciamo inoltre notare che gia in altre analisi (bronzi, metalli antifrizione, 
ecc.) il nostro Laboratorio scarta di proposito le prese con densité della linea base molto di- 
scostantisi dalla media. Per confermare esaurientemente tale ipotesi o meno, sarebbe interes- 
sante poter eseguire delle prese in cui non fosse eguale il tempo di posa, ma la quantita 
totale di luce emessa da una certa linea di controllo; cid che del resto gia si effettua negli spettro 
grafi a lettura diretta. 

b) E oltremodo importante osservare la grana di rottura del particolare destinato all’ analisi. 
In caso di provini colati nella forma gia adatta per l’analisi spettrografica sara opportuno 
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curarne | lat nodo da non generare nel provino delle zone temprate. Percid le forme 
indranno asciug e riscaldate, e la ghisa non dovra essere ossidata o gasata. Inoltre siccome 


one di ghisa dura o bianca si possono avere in sezioni di getto relativamente sottili, sara 
| ttr 


gli elettrodi da parti massiccie, 0, nel caso di provini colati, la superticie 
nto sara presa in un punto il pil vicino possibile alla materozza 


Ricerca di un altro sistema di analisi 
In conseguenza di quanto detto sopra, si tento un miglioramento dell’analisi spettro 
grafica del silicio per due vie diverse. 


Quella immediata consisté nell’usare come elettrodi campione per l’analisi del 
| 


silicio, tre coppie di provini scelte con adatto criterio fra quelli inviati in analisi 


dalla fonderia, in cui il silicio era stato 
Tahbella 5 : : 
tarato per via chimica. Per i rimanenti 





inalisi s elementi in cui non si avevano fortunata 
himica mente analoghe anomalie, serviva con soddis 
fazione la serie di elettrodi campione gia 
citata. 

I risultati furono decisamente migliori 
riportiamo in una tabella tutte le analisi 
di confronto eseguite nel periodo di una 
settimana. 

Con questo sistema pero, C10 che de] 
resto anche la tabella fa notare, si alter 
navano delle serie di risultati buoni, con 
delle serie di meno buoni. Cio si deve al 
fatto che, forse per eterogeneita di struttura 





dei provini usati come campione, presen 
tanti ad altezze diverse delle grane di rottura ben differenti, mentre per un 
erto numero di lastre i punti di taratura ricavati dai tre campioni per il silicio 
uvevano dei valori costanti e ben disposti su di una retta, ad un certo punto 
probabilmente per il continuo rinnovo delle punte, cid non avveniva pil, derivandone 
un’indeterminatezza nell’analisi. Tale fatto portava ad un frequente rinnovo dei 
provini usati come campioni, con evidente laboriosita di analisi, affidata in gran 
parte al buon senso dell’analista pitt che alla bonta del sistema. 

Contemporaneamente si cercO una soluzione stabile del problema, attraverso 
una modifica del sistema di analisi. 

Poiché la variazione delle condizioni di eccitazione della scintilla non diede 
alcun miglioramento apprezzabile*, si rivolse ]’attenzione alla forma del provino 
di analisi. Basandosi su cid che altri sperimentatori avevano fatto, si provarono 
ad usare dei dischi piani colati come a Fig. 3, sia in sabbia che in conchiglia la cui 
superficie pulita e spianata fu fatta scintillare con varii controelettrodi: grafite, 
ferro Armco, rame, alluminio, e lo stesso materiale di analisi ricavato dal montan 
tino B (Fig. 3) del getto. In nessun caso, come del resto é stato rilevato da altrit, 
si ebbero dei risultati di costanza paragonabili a quelli ottenuti con il sistema gia 

» il cireuito con induttanza zero, come consigliato dal Dott. Haster 


noi interpellato sulla questione 


ongrés du G.A.M.S Juin 1948 
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usato; inoltre le rette di tarature diventavano eccessivamente ripide. Queste due 
ragioni fecero troncare le esperienze in tale direzione, senza indagare ulteriormente 
se il silicio presentava o meno le stesse anomalie. 

Ulteriori prove si condussero aumentando il diametro delle bacchette dond« 
si ricavavano gli elettrodi, da 4a8mm. L’effetto sulla struttura dei provini fu 
ottimo; infatti,a meno che i tenori di silicio e di carbonio non fossero eccessivament 
bassi, i provini nella zona di rottura si rivelarono generalmente grigi. In linea di 
massima una composizione normale delle 
ghise attualmente prodotte nella nostra 
Fonderia é sufficiente per ottenere dei pro 


Vinil d al al S81 con una grana soddisface nte 





Ripetiamo che é importante curare la colata 
del provino per l’analisi, nel senso di non 
usare della ghisa gasata od ossidata, né di 
colare il metallo in forme fredde od umide 
Un altro vantaggi1o dell’ adozione dei 
provini da 8mm fu che questi, essendo 
meno duri, poterono venire lavorati al 
tornio, ottenendo una migliore uniformita 
delle punte che prima lavorate a mano 
alla mola, non potevano evidentemente riuscire tutte uguali. Inoltre fu possibile 
abolire l’ossidazione dei provini dato che in ogni Caso la re colarizzaziones de la 


scintilla avveniva dopo pochi secondi Si trovo necessario pero conservare la 


lucidatura delle punte dopo la tornitura, onde mettere in evidenza delle eventuali 
scorie pelli o soffiature che avrebbero alterato i valori di analisi 

Anche spettrograficamente i risultati furono buoni; la costanza e la riproduci 
bilita dei risultati fu anche migliore che con | punte da 4mm Ku preparata ne] 
forno Tammann una nuova serie di ele ttrodi campione, an he di 5S mm di diame tro 
in cui con particolari accorgimenti si ottenne un tenore di carbonio circa uguale 
a quello dei provini da analizzare (3,2—-3,3%). L’analisi completa di tali campioni 
é la seguente 


7 abe lla 6 





Elettrodo N.” N Mn 


0,15 
»20 
0.06 





Pur essendo di diversa provenienza, elettrodi campione ed elettrodi da analizzare 


sono soddisfacentemente confrontabili nell’analisi del silicio, purché, ripetiamo 


la grana di rottura delle bacchette sia grigia. 


Attuale sistema di analisi 
In conseguenza dei risultati ottenuti nelle prove preliminari é stata adottata nel 
l’analisi corrente la modifica del diametro dei provini, ferme restando tutte le altre 
condizioni esposte a pag. 1. Percid attualmente la forma del provino, che serve 
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contemporaneamente per l’analisi del carbonio e per l’analisi spettrografica, é 
stata modificata rispetto a quella della Fig. 2 portando il numero delle bacchette 
elettrodi a 4, di diametro 8 mm 

Per sicurezza inoltre, oltre agli elettrodi campione si usano saltuariamente pet 
costruzione della retta di taratura del silicio una o due coppie di elettrodi, scelti 
si, in cui sia stato analizzato il silicio per via chimica. 
ialisi vVengono sempre eseguite in doppio, utilizzando percid tutte 

hette del provino inviato dalla fonderia 
guire due tabelle, delle quali la prima riporta i valori del silicio 
letti sulla curva di taratura costruita per un certo 
usando i tre elettrodi campilone la seconda da il confronto fra 


spettrografiche in un certo periodo tl tempo 








media 2,10 
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R369 

R485 
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L’¢ rrore quadratico me dio cal olato sugli error percentuali e del 2.05 %. 


Metodo semirapido di analisi 


yuona costanza dei valori dei rapporti fotometrici degli elettrodi 


llo stesso numero di emulsione, si @ adottato un sistema di 


ette di taratura, che é da definirsi misto fra quello cosidetto del ,,campilone 


quello dei tr »campioni esterni 

struzione di un numero molto grande di rette di taratura per i vari elementi di 

ileolato per ogni elemento il valore C,, cioé la media dei valori della concentrazione 
0 (rapporto fotometrico ud 1) e si & considerato il punto cosi definito: rapporto 
1, concentrazione C,, come punto fisso 
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Per la costruzione delle rette di taratura nelle lastre successive, sara sufficiente la presa 
di uno solo degli elettrodi campione, possibilmente di quello il cui 4S per i singoli elementi 
sia il pit possibile distante dal valore 4S = 0. Tale valore AS con il valore della corrispondente 
concentrazione definiranno il secondo punto per cui far passare la retta di taratura. 


Questo sistema di taratura si é¢ dimostrato esatto, sia confrontando i valori delle deter - 
minazioni cosi ottenute con le corrispondenti tratte da rette di taratura costruite con 5 elettrodi 
campione, sia confrontandoli con dei valori di analisi chimica. Per tale regione viene al presente 
correntemente usato da noi nell’analisi delle ghise. 


Il vantaggio conseguito con la presa di un solo elettrodo campione é resa evidente dalla 
considerazione che per la presa di ogni coppia di elettrodi sono necessari 4’30”, per cui, tenendo 
presente che il numero di lastre per l’analisi della ghisa é di circa otto al giorno, si possono 
cosi risparmiare all’incirca 144’, Inoltre con il numero degli elettrodi campione cosi ridotto, 
ove il Servizio Forni abbia particolare urgenza, si riesce ad eseguire l’analisi completa ed in 
doppio di una colata in circa 30’, senza diminuirne la precisione. 

Si possono infatti calcolare i seguenti tempi: 

Presa di un elettrodo campione 

(contemporaneamente vengono preparati gli elettrodi del 
provino da analizzare) 

Presa in doppio del provino di analisi 9’ 

Operazioni di sviluppo, fissaggio, lavaggio ed asciugatura 12°30” 

della lastra 

Fotometria a calcoli 


In totale 


Conelusioni 


Dopo oltre un anno di lavoro sperimentale e di controllo sistematico delle fusioni 
di ghisa dei forni elettrici e della conseguente esperienza fatta, si pud affermare 
che l’analisi spettrografica della ghisa, con particolare riferimento alla determinazione 
del silicio,  ottenibile con dei risultati soddisfacenti. Peré appunto per la deter- 
minazione del silicio occorrera tener presente la possibilita di anomalie; anomalie 
che nella presente relazione si é cercato di mettere in evidenza, traendone degli 
insegnamenti che hanno consentito la messa a punto su basi pratiche e correnti 
della determinazione di questo elemento. 

Crediamo utile qui di seguito ripetere in breve le osservazioni principali fatte 
nel corso della relazione e le norme che si ritengono indispensabili per ottenere 
una buona analisi: 

a) Con lo spettrografo Qu 24 alimentato dal generatore Feussner i migliori risul- 
tati sono ottenibili scintillando elettrodo e controelettrodo dello stesso materiale. 

b) Ghisa bianca e ghisa grigia non sono confrontabili con la stessa serie di 
elettrodi campione. 

c) Per i provini ottenuti direttamente per colata é consigliabile un diametro non 
inferiore ad 8 mm. 


d) La preparazione dei provini per l’analisi va curata in modo particolare, come 
é stato ampiamente descritto nella relazione. 


e) E consigliabile eseguire le analisi in doppio e possibilmente su due coppie di 
elettrodi, ottenendo cosi lo scintillamento su quattro zone differenti. 

f) Nella lettura fotometrica le prese con densita della linea base discostantesi 
dalle medie, non vanno prese in considerazione. 
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L’impiego dell’analisi spettrochimica a lettura diretta per mezzo 
del quantometro nel controllo della produzione degli acciai speciali 
Lino Benvusst e ALESSANDRO CAROLI 
Nazionale ,,Cogne“ S.p. A., Laboratorio Chimico 


Nel presente articolo riassumiamo alcuni capitoli della memoria da noi presentata 
ai Colloqui Internazionali di Spettrochimica tenutisi a Venezia dal 14 al 16 settembre 
1951, segnalando al lettore che, per esigenze di spazio, di proposito abbiamo evitato 
di fare cenno ad argomenti, quali la calibrazione, ecc., che pit: specificatamente sono 
trattati rispettivamente dal sig. Dr. A. G1iavino nella memoria 

Alcuni aspettl della taratura dei quantometri — 


3ECCHIO nella memoria 


e dai sigg. Dri. L. Bartouie C. I 
Principali cause di errore nelle determinazioni analitiche eseguite col quanto- 


metro A R L 

Premessa 
Riteniamo opportuno sottolineare |’importanza della scelta delle classi nelle quali 
e conveniente raggruppare gli acciai che si desiderano controllare col quantometro 


( del numero di canali necessario ad ogni ¢ lasse in relazione al lavoro ( he si inte nde 


svolgere. Se si desidera impiegare l’'apparecchio per il controllo dei prodotti finiti, 
la distinzione fra classe e classe si potra subordinare ai differenti tipi di acciaio che si 
producono e raggruppare, ad esempio, gli acciai comuni, gli inossidabili ed i rapidi; se 
invece si desidera controllare esclusivamente la marcia dei forni, sara preferibile 
considerare, per la suddivisione dei campioni in classi, gli elementi presenti nel 


bagno fuso e le rispettive concentrazioni, che pit frequentemente si riscontrano nelle 
varie fasi che interessano. 

Relativamente ai canali di cui dovra disporre il quantometro, potra risultare 
conveniente che ogni classe abbia tutti i suoi canali indipendenti, ed anche che ne 
abbia qual uno in comune con altre, a seconda della rapidita di lavoro che si intende 
raggiungere. Infatti, se il quantometro dovra controllare prodotti finiti, lavoro 
che si pud compiere senza limitazioni di tempo, qualche canale degli elementi le cui 
concentrazioni non differiscono molto da classe a classe, ad esempio quello del 
silicio o del manganese, ec: potra servire per dosare tutte le concentrazioni che 
di quel dato elemento si riscontrano nelle varie classi, purché il canale venga ricali 
brato con gli standards della classe che interessa in quel dato momento. 

In questo caso, per svolgere il lavoro, risultera opportuno raggruppare tutti 
i campioni di classifica di una data classe per analizzarli successivamente, dopo 
calibrazione dei canali con gli standards della classe considerata; cosi per tutte le 
altre classi, variando calibrazione per ogni gruppo di campioni. Pero, tale pratica 
non risulta comoda nel controllo di marcia dei forni perché obbliga a ricalibrare 
frequentemente |’apparecchio, mentre é indispensa bile che l’operatore possa eseguire 
rapidamente analisi di classi diverse che si presentino nelle pili disparate successioni, 


il che é possibile evitando le ricalibrazioni al momento delle analisi, ossia disponendo 
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Tabella 1. Deviazioni percentuali aritmetiche medie delle letture riscontrate aleuni standards 


da noi ftabbricati 





ont aritmetiche med 





‘) 


(Cause 
Sull’ esattezza dei risultati possono influire i s¢ guenti fattori 


Fattori dipendenti da cause spettrali Essi risentono del tipo di scarica, della 
forma degli elettrodi, del buon funzionamento della sorgente (che puo influire sulla 
uniformita della scarica), della linea spettrale impiegata pili o meno adatta all’ana 
lisi o al tipo di eccitazione. Per ridurne al minimo |!’influenza si devono curare la 
manutenzione della sorgente € la messa in posizione dell’elettrodo e scegliere op 


portunament | tipo di scarica, come verra precisato in seguito 


(b) Fattori dipendenti dal quantometro e dalla registrazione Se il quantometro 
é in perfetto ordine, sono trascurabili rispetto agli altri, come si pud constatare con 
prove di riproducibilita che si eseguono con la ,,lampadina di prova“. Per ridurne 

minimo l’influenza bisogna sorvegliare continuamente il buon funzionamento 


dell ’apparecchio, eseguire perfettamente la manutenzione e disporre dell’aria condi 
Zionata 


Imperfetta omogeneita degli standards di calibrazione Se ne riduce l’influenza 
eseguendo in doppio la calibrazione e prendendo per base la media di due coppie di 
iri he 


d Poca omogen fa mperfezioni ed eftette di strutt ira nei campvoni d analisi In 


A 
luis¢ ono piu dl ogni aitro a ore sull esatteZza dei risultati spec ialmente se 81 ana 
I l Itro fatt 
lizzano provini per il controllo rapido della marcia dei forni, dato che tali campioni 


risentono an he de | a fase in cul sitrova il bagi o fuso (ossidazione carburazione ecc.) 


e) Instahiliti della calibrazione a calibrazione dell’apparecchio non rimane 
stabile per molto tempo, ma subisce lievi variazioni che corrispondono, da un punto 
di vista grafico, a spostamenti delle curve di lavoro. Tali variazioni sono irregolari 
dipendono implanto a impianto ¢ da De riodo a periodo Nella Tabella 2 rl 
portiamo esempi di stabilita della calibrazione in un ambiente non termicamente 


re colate 


y laris riuspett alle lines spettrali 


cipalmente dalla incostanza della temperatura dell’ambiente 


1 Monitor“ é peré agevo yntrollare continuamente la posizione 


ni risultati riscontrati con feritoie 











ambi nte 


ult asi Ss 
{ 1 TI Oo! 


intery 
ne comp 





lell'analisi spettro himica a lettura diretta per me » del quantometro e¢ 


lahella > lnalisi RUCCERRLVE esequile sullo stesso cam prone con postzrvoni delle feritove spostate 
adi 1 5, 2/5. ecc. dell’ intervallo compreso dalla calibrazione del sistema ..monitor corris ponde nte 


a 0,001 pollici 





Mn 


0.0010 pollici 
0 0008 pollici 
0,0006 pollic 
0.0004 pollici 
0,0002 pollic 
Posizione esatta 0 OOOO pollici 
0.0002 pollic 
0.0004 pollic 
0,0006 pollic 45 
0,0008 pollic 43 
0,0010 pollici 36 yf ' - 





Osservazioni. I dati si riferiscono all’intervallo di 0,001 pollici a destra e di 0,001 pollici 
i sinistra dell’esatta posizione delle feritoie sulle rispettive linee, suddiviso in 5 spostamenti 
riportati nella prima colonna (col segno se a destra della posizione esatta col segno se 
i sinistra In un locale mantenuto a temperatura costante, lo spostamento delle feritoie che 
si riscontra dopo 203 ore corrisponde all’incirea a 0,0002 o al massimo 0,0004; solo ecce 
zionalmente pud superare questi limiti. 

Le differenze di analisi che si riscontrano per il Si sono molto pili evidenti per il fatto che 
questo elemento ha una feritoia di 0,003 pollici anziché di 0,006 pollici 


3. Influenza di scariche diverse 

Non ci é stato possibile eseguire delle ricerche sistematiche sul tipo di scarica pit 
adatto ai vari elementi in funzione delle concentrazioni che si riscontrano in tutti 
i nostri materiali. Tuttavia, abbiamo constatato, nei casi che maggiormente ci inte- 
ressavano, che le scariche della ,,Multisorgente“ piu vicine al ,,tipo arco’ hanno una 
riproducibilita minore, mentre quelle pit simili al ,,tipo scintilla‘‘ ne hanno una mag- 
giore: né diversamente poteva essere. Cid si nota specialmente con elementi a tenore 
pluttosto alto. Per contro gli elementi a bassa concentrazione (0,10—0,30%), con 
scariche aventi caratteristiche pit vicine al ,,tipo arco‘, presentano alla registrazione 
dei tratti pi ampi che meglio si prestano alla lettura allorché interessi una maggiore 
esattezza coi bassi tenori. 

Per gli intervalli di concentrazione fino al 2% si pud impiegare una scarica con 
caratteristiche un po’ simili al ,,tipo arco‘ (come la 15 mF, 20 Ohm, 1000 volt), ma 
essa presenta una riproducibilita minore allorché il tenore del nichel raggiunge 
il4—5%. Nelle Tabelle 4a, 4b, 4c sono riportati esempi di riproducibilita riscontrate 
su campioni standards con i seguenti tre tipi di scariche : 

1. scarica: 5mF, 0 Ohm, 1000 volt, 45 mH, tipo oscillante, molto simile alla 
scintilla. 

2. scarica: 10mF, 5Ohm, 45+80mH, 1000 v, tipo scintilla non oscillante 
(scarica consigliata dalla Casa A.R.L.) 


3. scarica: 15 mF, 20 Ohm, 454160 mH, 1000 v, sempre tipo scintilla, ma con 


un periodo di scarica un po’ pitt lungo del precedente e con caratteristiche un po’ 


pill vicine al ,,tipo arco”. 
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Tabella 4a Riproducibilita con le vurve scariche 





- 


Si tr N | Mo 


Letture rip scariche esequite sulla sezione del piede del lingottino N 1 scarica 
imF, OOhm, 45 mH, 1000 % 
83.5 90 RH 
s4 93,5 R6.! 
95.5 
94.5 


049 


w 


oO 
92.5 
91.5 
91,5 
BRD 
91,5 
92 
93 
4 


~~ + + ee 


l0a 


— 





Media delle letturs 92, 5, 3,95 91,5 
Dev *% media letture sr , 2 ve 1,14 + 1.20 


Idem c.s. con la searica: 10mF, 5 Ohm, -SO mH, 1000+ 


RS | 99 5 
83,5 95 
85.5 04.5 
83 94,5 
86 100 
84.5 04,: 
88.5 YS 
09 § 
%4 
lOa 





Media delle letture 
Dev media letture 





Tabella 4b Riproducibilita con le varie scariche 





Mn . Si Ur Ni Mo 


—— —_—_—_—+ _ —s — 4 4 


Letture ripetute di scariche esequite sulla sezione del piede del lingottino N.° 8 con la scarica 
15 mF, 200hm, 45+-160 mH, 1000+ 


81.5 80 i RI 
R3 aS 0, 82 
79 


id 


81 


Va 
10a 
lla 
l2a 
l3a 
l4a 
l5a 


Media delle letture 
Dev. % media letture 








L’impiego dell’analisi spettrochimica a lettura diretta per mezzo del quantometro ecc 


Tabella 4b. (Continued) 





Mn Si Ni 


Idem c.s. con la searica: 10mF, 25O0Ohm, 454+-240mH, 1000 ¥ 


3 13 
14 
14 
14 
12,5 


13,5 


x 


~I to 


Dh OD SS 
on 


~J +] «3 +3 «J +!) 
on 


Sa 
Ya 


lOa 





Media delle letture 


Dev. % media letture 





Tabella 4¢ Riproducibilita con le varie scariche 





T 


Mn Si Cr Ni Mo 


Letture ripetute di scariche esequite sulla sezione del piede del lingottino N.° 11 con la scarica 
imF, 0OOhm, 45 mH, 1000+ 
25 4 17 
2 92 16,5 
16 
16,3 
16,5 
16,8 
16,5 
16,8 
a 





Media delle letture 
Dev. % media lJetture »2t 2,65 0,21 


Idem 8. la scarica: 10mF, 5 Ohm, 45+80mH, 1000 v 
88.2 
89 
89 





Media delle letture 
Dev. % media letture 





Con gli acciai che attualmente includiamo nella classe ,,A“* abbiamo adottato 
il primo tipo di scarica per i seguenti motivi: 
(a) migliore riproducibilita, specialmente con gli alti tenori: 


(b) maggiore sicurezza che tale tipo di scarica presenta per la calibrazione; 
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liretta per mezzo del quantometro e: 


diagrammi che riportiamo risulta che un periodo di prescintillamento di 10’ é suf- 
ficiente per la scarica tipo 5 mF, 0 Ohm, 45 mH Con la scarica 15 mF, 20 Ohm 
45-+-160 mH, si hanno dei rapporti di intensita costanti solo dopo un periodo di pres 


cintillamento di 2: 30°’, il che &€ comprensibile date le caratteristiche della scaria 


) Statistiche f risultati 
Fin dalle prime analisi eseguite col quantometro abbiamo riscontrato delle differenze 
costanti fra i risultati chimici e quelli spettrali dei vari elementi, differenze variabilli 


























30 55 BO se 


da tipo a tipo di acciaio. Successivamente, dopo accurato esame statistico dei ri- 


sultati, abbiamo ricavato dei fattori di correzione per ogni elemento e per ogni tipo 
di acciaio considerato, onde rettificare i risultati che si rilevano direttamente dalle 
curve di lavoro o dalle rispettive tabelle. Con ulteriore esame statistico abbiamo 
constatata la buona approssimazione dei suddetti fattori di correzione, dato che le 
nuove medie dei risultati chimici e spettrali coincidono meglio delle precedenti. 

Il sistema di correzione da noi adottato non é certamente rigoroso poiché include 
anche le differenze sistematiche dell’analisi chimica, differenze del resto trascurabili 
trattandosi di risultati chimici per la classifica di prodotti finiti che sono sottoposti 


a severo controllo; inoltre, la via da noi seguita presuppone una casistica significativa 
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che si presenta solo dopo lungo tempo. Tuttavia, in questo modo, possiamo ottenere 
risultati quantometrici pili corretti e constatare, col sistematico controilo statistico 
il comportamento dei pili svariati tipi di acciaio di fronte a determinate scarich¢ 
traendo elementi che sono utili per perfezionare il controllo di una produzione di 
42cCC1I4l @€288a1 Varia 
I! valore delle singole correzioni differisce da ti, o a tipo di acciaio e le correzioni 
possono essere sia positive che negative per i vari elementi che si riscontrano nello 
stesso acciaio. In molti casi si nota una relazione fra il tempo di integrazione e l’entita 
delle orrezioni d apportare ai risultati 
Dall'esame delle menzionate statistiche abbiamo potuto constatare quanto segue 
Generalmente il tempo di integrazione si mantiene costante per ogni tipo di 
mentre esso varia di qualche secondo da tipo a tipo di acciaio della stessa 
acciai con circa 98—99% di Fe presentano tempi di integrazione inferiori 
ipo in precedenza fissato con la calibrazione mediante standards al 
li Fe. Generalmente i tempi di integrazione aumentano col diminuire della 
percentuale di Fe del campione. Tali lievi differenze conducono a risultati legger 
mente diversi per tutti gli elementi del campione 
to abbiamo esposto potre bbe far supporre « he, in generale, sia gia necessaria 
ne anche per le piccole variazionil de! tenore di ferro che si riscontrano 
da noi raggruppati ne lla classe \ tenore di Fe da 93 a 
mentre va tenuto presente che tali lievi variazioni del tempo di integrazione si 
I he nol UsIAMO una scarica molto ~¢ nsibile al tenore di iz che ESSE 
anche dalle caratteristiche peculiari di un determinato tipo di acciaijo 
I Aleuni elementi, come il Si ed ancor pili marcatamente |'Al, influiscono 
nettamente sul tempo di integrazione. Cosi tenor! di Si superiori all’l % aumentano 
po di integrazione, pero senza che si alterino i risultati degli altri elementi 
quindi di un’‘influenza che il Si esercita nella stessa misura sia sulla inten 


gli altri elementi 


nea del Fe. standard interno, sia sulle inee di tutti 
ym alterare i rispettivi rapporti di intensita 
questo genere nun sono infrequenti nella pratica; ad esempio, con un pro 
arcia dell’acciaio N.° 6, si é riscontrato 0,43 % di Sie un tempo di integrazione 
mentre sul provino successivo che aveva 1.36% di Sie tenori di C e di Mn 
b que lli del precede nte campilone l‘integrazione é salita a 24 se In un caso 
on 0.60% di Si si sono riscontrati 23 sec e con 1,26 di Si. 26 se¢ 
La stesso si verifica. ma in misura maggiore. con gli acciai che contengono Al 
In questo caso pero si nota che glialtrielementi di lega scartano notevolmente rispetto 
all’analisi chimica e che il Mo 2816.15 A subisce un’influenza diretta dalla linea 
4) 2816.18 A 


Tenori molto alti di Mn (circa 10%) interferiscono nettamente sull’analisi del 


“lo rendendola praticamente impossibile; cid per la menzionata interferenza della 
linea Mn 2816,32 A sulla linea del Mo 2816,15 A 


I risultati a cui ci siamo riferiti sono stati riscontrati con acciai da noi raggrup 


pati nella classe ..A“, che comprende i seguenti intervalli di concentrazione 
Sl ’ 0,.6° 
Mn 
Cr 
Ni 
Mo 





L’impiego dell’analisi spettrochimica a lettura diretta per mezzo del quantometro ecc 


Pertanto, tutte le considerazioni da noi fatte hanno valore solo in quanto riferibili 
alle nostre condizioni di lavoro e alle linee spettrali seguenti: 


Fe Standard interno 2338.0 A 
Si . , 2516,1 A 
Mn 2933,0 A 
Cr 2677,2 A 
Ni . 2316,0 A 
Mo 2816.2 A 


Condizioni di lavoro 


Spettrografo A.R.L. da 2m 

Sorgente . . Multisorgente A.R.L 

Scarica . Tipo scintilla oscillante, 5 mF, 0 Ohm, 45 mH, 1000 v, 60 scariche al 
secondo 

Distanza fra gli elettrodi. 3 mm 

Elettrodo Grafite ad alta purezza, @ 6,05, punta a cono di 120 

Feritoia principale 50 micron 

Schermo del reticolo Posizione 5, corrispondente ad una schermatura del 50 % 

Prescintillazione 5 sec 

Periodo di integrazione. 20 se 

Quantometro Tipo 8.Q.A. della Casa A.R.L 

Forma del campione Disco 50 mm, spessore 10 mm, gettato in lingottiera di ghisa apr: 


bile a libro 


Da pili mesi, con l’apparecchiatura regolata come é stato specificato controlliamo 
la marcia dei forni ad induzione e ad arco durante le 24 ore, impiegando nel primo 
caso campioni a disco e nel secondo provini fucinati in quadri da 20x 20 x 70 mm 
per il controllo di marcia dei forni ad arco preferiamo quest’ultimo tipo di provino 


perché presenta superficie ed omogeneita migliori anche durante alcune fasi di 


marcia in cui non é possibile ottenere dischi di getto perfetti. Il provino rettangolare 
é pili pratico per il trasporto per posta pneumatica. 

La pulitura della superficie dei campioni viene eseguita successivamente con una 
mola e con due nastri smerigliati N.° 240 e N.° 120, e tale operazione richiede 
2-3 min. Per ogni analisi si effettuano due scariche i cui valori medi vengono 
tradotti in percento per mezzo di apposite tabelle. Dal ricevimento dei campioni 


alla trasmissione dei risultati si impiegano 4—5 min 


Conelusioni 

Riteniamo a questo punto opportuno precisare che il lavoro da noi svolto é stato 
compiuto sotto l’assillo di poter iniziare al piii presto il controllo della marcia dei 
forni, e che per questo motivo non ci e stato possibile esaurire tutte le ricerche siste 
matiche che gli argomenti esposti avrebbero richiesto; pertanto, i nostri risultati 
sono suscettibili di miglioramento e non vanno considerati come definitivi 

Dobbiamo inoltre precisare che il problema degli standards si é a noi presentato 
sotto aspetti particolari, tanto che per preparare e perfezionare gli standards neces 
sari alla calibrazione ed al tracciamento delle curve di lavoro abbiamo dovuto supera 
re alcune difficolta e perdere notevole tempo. 

Non riteniamo nostro compito illustrare i pregi e le grandi possibilita che il 
quantometro offre, ma desideriamo sottolinear we anche nella produzione degli 
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L’impiego dell’analisi spettrochimica a lettura diretta per mezzo del quantometro ecc. 


acciai speciali il quaantometro si é rivelato preziosostrumento di controllo, per i seguen- 
ti motivi: 

(a) Rapidita con cui si ottengono i risultati rispetto ai procedimenti per via 
chimica: rapidita che permette di ridurre corrispondentemente i tempi di attesa 
dei risultati, con conseguente vantaggio nella produzione ; 


(b) Possibilita di controllare la marcia con un maggior numero di provini e con 


seguente pili grande sicurezza circa i limiti di analisi del prodotto finito; 

(c) Possibilita di conoscere in pochi minuti, le percentuali di tutti gli elementi 
presenti nel bagno fuso mentre per altra via occorrerebbero ore di lavoro; 

(d) Possibilita di riconoscimenti rapidi di pezzi sconosciuti e vantaggio di poter 
indagare sistematicamente sull’omogeneita dei materiali. 

I risultati ottenuti mettono in luce l’importanza del controllo della produzione 
di acciai speciali per mezzo del quantometro pili di qualsiasi altro commento. 


Summary 

In the routine foundry control of steel of various types by the quantometer, the importance 
of preliminary work on the choice of lines and channels and the method of grouping steel types 
is discussed. Detailed examples are given of the possible errors from various sources, such as 
displacement of the frames in the quantometer and variation of the discharge conditions. The 
spark finally chosen on account of maximum reproducibility does not give the best uniformity 
of integrating times. For various types of steel, long comparison of spectral and chemical 
analysis have led to the adoption of arbitrary correction factors for each element in each steel 
type; tables to illustrate this are also given. The advantages obtained by quantometer control 
are finally stressed 
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Osservazioni sulla sensibilita di riconoscimento spettrale 


delle impurita nel piombo 
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ial diversi autor! 
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pertanto 
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musione Ph contenuto 
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a temperatura del 





Osservazioni sulla sensibilita di riconoscimento spettrale delle impurita nel piombo 


metallo durante l’operazione veniva tenuta poco al di sopra del p.f. Da notare 
che JANKEL osservava a fine dell’operazione di riduzione in H, , una fine polverina nera 
sul metallo fuso; probabilmente questa polvere, insolubile in acqua regia, aveva 
origine da inclusioni nel metallo tecnico (refrattari del forno, ecc.). Usando il 
piombo doppiamente elettrolizzato, previamente rifuso rapidamente all’aria per 
eliminare le scorie dovute alle aggiunte organiche del bagno, non si notd mai la 
presenza di tale polverina nera e la superficie delle leghe ottenute si mostré sempre 
liscia e brillante 

Nel caso di impurita particolarmente discusse, come Sb, As, Sn, si prepararono 
anche standards da leghe accuratamente analizzate per via chimica, partendo, 


a seconda del tenore di impurita ons 
da 100 fino a 500 grammi di lega ” 
Come verra poi esposto, in assenza 


di inclusioni di ossidi o di segrega 





zioni, questi standards debbono 
ritenersi perfettamente equiva 
lenti a quelli ottenuti per sintesi 
in ambiente neutro o riducente 


Dalla letteratura [7] é nota |’influenza del terzo elemento anche nel caso della 
matrice Pb, benché generalmente tale influenza venga e sclusa per la presenza di 
percentuali molto basse delle varie impurita (<0,3—1%); ciononostante si 
preferi, a scanso di possibili interferenze, allestire standards distinti per ogni 


singola impurita 


(b) Attrezzatura sperimentale 

L’attrezzatura usata per questa ricerca consiste in un generatore AESSE, per 
scintilla condensata tipo Feussner, alimentato in c.c. 18 V, attraverso un gruppo 
convertitore coassiale con |’interruttore; lo scopo di tale alimentazione consiste 
nell’evitare le continue oscillazioni di tensione e frequenza nonché le interruzioni 
sulla linea, frequenti negli anni immediatamente successivi alla guerra. Le condi 
zioni di circuito adottate, dopo insistenti prove, furono ancora quelle della mag 
gioranza degli AA.. cioé 7500 pF 64 uH, 12 kV. 

Fu usato uno spettrografo OPTICA B 2, dotato di attrezzatura per le immagini 
intermedie. La distanza iniziale fra gli elettrodi fu tenuta sempre di 2.2 mm 
Seguendo le indicazioni di Lepum-LEtILicu [22], l’emissione di luce dalla scintilla 
fu seguita con cellula fotoelettrica al selenio, la cui lettura venne tenuta costante 
durante le scariche per mezzo di continui ritocchi delle distanze tra gli elettrodi 
Con fenditura 0,04 mm, si tennero pose di tre primi, precedute da 30 di prescintillio 
le lastre usate furono FERRANIA Fotomeccaniche normali orto. L’esposizione di 
3’ fu fissata onde ottenere un annerimento del fondo nella zona della riga esaminata 
di almeno 0,2, secondo le indicazioni di H. Katser [22bis 

Come tenore minimo di riconoscimento venne assunto quello per il quale si 
osserva la scomparsa della riga ultima pit sensibile (Tabella 5) dell’elemento con 
siderato. Nel caso della mancata corrispondenza dei valori di impurita dei campioni 


disponibili con quelli corrispondenti al limite, si ricorse ad una interpolazione, 


sempre in un campo ristretto. 
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La sensibilita di riconoscimento spettrale delle impurita 


essa, le diverse pubblicazioni relative a ricerche nel campo 


in genere solamente ad aleuni gruppl 


Lpren 


Imente usate attrezzature divers« 

valori assoluti di sensibilita 
dai vari AA., si preferi rap 
pol la media di tali rapport: 


tata trattata questa impurita 


liminato l’effetto della diversa 


parzialme nte €l 
ottenuti sono riportati nella colonna 2 della Tabella 1 


criticabile, si ritenne indispen 
n identiche condizioni 


idottato puo essere 
stra rie di standards ed i 
leg l el Pb: 1 valori cosi ottenuti 


il quale si riscontrO un tenore 
sono riportati nella colonna 3 


in peso 
abbastanza 


landamento dei valori sia 


iTeé come 





(wots 
OO06 


OOO3 


OO] ‘pt 
>cMM) 
0,01 
0,624 


0.001 0. 
4,87 


} 
OOO {) 





* In assenza dei valori relati agli AA. citati, si sono riportati quelli di AA. precedenti 
al 1940 sempre per la sola eccitazione in scintilla 
** Ad un valore crescente del rapporto corrisponde una sensibilitA decrescente di 


scimento 

parallelo nelle colonne 2 e 3, il che fa supporre che esso sia da attribuire a fondate 
basi fisiche. Furono escluse dal presente lavoro le impurita rappresentate dai 
metalli alcalini e alcalino-terrosi, dato che, per le note incertezze presentate dalla 
loro analisi spettrale su elettrodo metallico [6], [18], [23], tali impurita vengono 


abitualmente determinate su soluzione 





Osservazioni sulla sensibilita di riconoscimento spettrale delle imp nel piombo 


Da un primo esame dei valori della Tabella 1, si intravvede una possibile divisione 
degli elementi presenti come impurita in tre classi. cosi distinte 

la classe: elementi ad alto p. f. ed alto p.e 

2a classe: elementi a comportamento intermedio 

3a classe: elementi a carattere non nettamente metallico 

Il quesito dell’andamento generale della sensibilita fu, pertanto, frazionato, 
come primo passo, nello studio delle sensibilita entro le singole classi indicate 


con particolare riguardo alle classi la e 3a 


Ja classe. Impurita ad alto punto di ebollizione presenti nel Pb (Ag, Cu, Ni, Au, Pt) 

Se dagli elementi della Tabella 1 si scelgono quelli ad alto punto di fusione e di 
ebollizione e si riportano in Tabella 2 le loro caratteristiche fisiche, si vede un 
chiaro parallelismo tra i 
punti di ebollizione e i tenori 





minimi di rilevamento con 
’ Y Riga analuwa 
un’inversione tra Au ed Ni 


= usata 
E da notare, invece, l’anda 
mento assolutamente par 
allelo di questi coi calori di Ag ; 7 3383 | 
; 5 : 3247 I 
3414 I 
: 2966 ; 2675 I 
spetto a quello relativo al 1400 3064 I 
metallo base (42 Keal/mole). 
ha spiccata importanza nel 


vaporizzazione. I| valore di 
queste ultime grandezze, ri 





caso di scariche a bassa induttanza ed alta capacita; in questi casi infatti, dato che 
l’energia viene dispersa praticamente in una singola oscillazione, si ha un tempo 
insufficiente, perché si svolga una azione selettiva sugli elementi in base alla loro 
volatilita. Si tenga del resto presente che persino nell’arco in « RUSANOV [24] 


osserva il se¢ cuente ordine di volatilizzazione per 1 me tall 


Pb, Ag. Cu, Au, Ni, Pt. 


che rispetta cioé l’andamento dei calori di vaporizzazione e non quello dei punti di 


ebollizione. 


3a classe. Elementi a comportamento non nettamente metallico (Sn, As, Sb, Bi, Te). 
Una prima spiegazione dell’andamento delle sensibilita di questa classe fu 
cercata nell’ossidazione dell’elettrodo. In realta l’affinita verso 1’O, di tutte le 


impurita considerate, decresce nell’ordin 
Zn, Cd, Tl, Ni, Sn, Pb, Sb, As, Bi, C1 l'e, a r, Pt, Au 


e pertanto gli elementi della 3a classe sono tra quelli di media reai.ivita verso 
’O,; gli effetti della scarica pero, pili che la ossidabilita dell’elemento aggiunto 
in sé, interessa quella della lega colla matrice. Tipica a questo proposito é la curva 
di ossidazione del Pb contenente Sb, fornita da BurkHarpT [26] sulla quale si 
basa il processo di raddolcimento continuo del Pb antimoniale [27] 

Durante lo scintillio si hanno sugli elettrodi dei process di ossidazione che ne 
influenzano progressivamente l’emissivita sino a raggiungere un equilibrio dopo 
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) tali processl di ossidazione non seguono ul 
roporzionale al tenore di impurita, ma possono seg 


da BURKHARDT 


a scarica sono molteplici. In primo luogo, ammessa 


durante 

si puo incontrare una variazions della volatilita di questi 
conseguenza una diversa concentrazione in atomi dell 
secondo luogo, sia per questa diversa volatilizzazione degli 


la tormazione di strati poco conduttori sulla supertici 


li 
avere una alterazione delle caratteristiche termiche ed 
stessa; su questo punto, in particolare, si citano i lavori 


di VAN CALKER [19 HLEICHER [25 
Non ultima spin . controllare leffetto dell’O, su queste |e she di Pb. fu fornita 
sull’alterazione del tenore in Sb di alcuni standards pet 

za ricco di ossidi, nonché il fatto generale che i ricercatori 
successivi a BaLz hanno sottoposto il Pb di partenza, prima della alligazione con 


lementi, ad un de vasaggio in alto vuoto a 600 > infatti ovvio che lo stesso 


dell’O, dell’aria potrebbe essere apportato da O,. combinato nel metallo 


juesito puo essere COsl posto in linea generale 

Vi sono differenze di volatilita tra gli ossidi ed i metalli considerati 

Vi sono differenze di eccitabilita tra gli ossidi ed i metalli considerati 

Ammesso che si verifichino le condizio1 e (ii), € ammissibile la presenza 
genere nel Pb metallico ? 

fatilita. Si riportano i valori delle tension per gli ossidi ¢ 


caso i i tre elementi considerati 








p. 36% 


1939 p 


dai quali appare che l’ossido é favorito rispetto al metallo 

(b) Eecitazion RvusANov [24], osservando che l’ordine di volatilizzazione é 
praticamente identico per ossidi e per metallj, deriva lipotesi che (nel caso del 
l’arco il passaggio di materiale nella colonna-sia regolato dalla tensione di 
vapor del metallo dell’ossido e non da quella dell’ossido stesso. Infatti, gia a 
temperatura non molto elevata, i pud riscontrare la decomposizione di molti 
ossidi (CdO, ZnO, MgO, HgO .. .) oltre che di quelli dei metalli nobili. E estrema 
mente probabile, benché ci manchi una verifica diretta in proposito, che, data l’alta 


temperatura raggiunta dalla scintilla, e nonostante il t mpo estremamente breve 
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a disposizione, anche i rimanenti ossidi vengano dissociati. PoURBAIx [28] fa notare 
che la dissociazione degli ossidi durante la volatilizzazione, dovrebbe generalmente 
essere verificata studiando la loro volatilizzazione in N, ed in O,; se si ha Ja dis- 
sociazione, la volatilita del metallo dovrebbe essere molto diminuita nell’O, rispetto 
all’N,. Avendo, come di seguito descritto, eseguite scariche in aria ed in N,, avremmo 
dovuto essere appunto nelle condizioni richieste da Pourbaix: purtroppo il tempo 
della scarica é troppo breve perché si possa raggiungere uno stato di equilibrio 
e pertanto, un risultato negativo del confronto tra le due scariche non é risolutivo 
in tal senso. 

E comunque ovvio che nel caso di un effetto dell’O, (atmosferico o fissato) 
sul comportamento superficiale degli elettrodi, questo sarebbe eliminato effettuando 
lo scintillio degli stessi standards rispettivamente in N, o in H, (secchi e privi di 
Q,). Tali riprese furono eseguite in confronto a riprese normali con scintillio 
in aria; furono anche scintillati in confrontostandards tal quali (ottenuti da leghe 
tecniche analizzate e non preparate sinteticamente) e gli stessi ridotti per un lungo 
gorgogliamento in H, nella provetta di Classen sopra descritta. 

In H, si incontrarono spettri indeboliti in accordo coi vari AA. [29/30] e pertanto 
non utilizzabili. 

La spettrografia in N, fu eseguita in tubo chiuso con finestrelle di quarzo come 
nel caso di H, e anche all’aperto dirigendo un getto violento di gas sugli elettrodi 
in entrambi i casi, contrariamente a quanto citato da qualche A. [30] ed in accordo 
invece con altri [31], non si incontro un rafforzamento dello spettro, ma anzi un 
netto indebolimento, pure osservando un fondo lastra molto pitt chiaro di quello 
che si ottiene abitualmente eseguendo scariche in aria 

In conclusione, scintillando in H, ed in N,, non si incontro nessuna maggior 
sensibilita di riconoscimento dell’As, Sb, Sn, nel Pb. 

Risultati analoghi furono ottenuti scintillando campioni contro elettrodo di 
grafite piano e contro elettrodo di grafite forato per lasciare passare gas riducente 
(H,, gas illuminante). Pare pertanto accertato che un’influenza dell’O, sull’analisi 
spettrale dell’As, Sb, Sn nel Pb, se pur esistente, sia da ritenersi per lo meno non 
determinante. 

Se, da quanto sopra esposto, risulta che non vi é differenza tra eccitazione 
dell’Sb, contenuto nella lega come metallo o come Sb,O,, non bisogna dimenticare 
che nella eventualita della presenza di Sb,O, nel metallo base, sara difficile ottenere 
un’uniforme distribuzione di questo, per cui si avrebbe a temere una irregolarita 
nei risultati di analisi. Questa appare essere una delle due ragioni per cui é entrato 
nella pratica normale ridurre (o disossidare nel vuoto) il Pb usato per gli standards; 
l’altra ragione consiste nel timore di perdere addirittura, come indicato da Bauz [9], 
parte dell’Sb nelle scorie come Sb,O, ove questo venga a galleggiare, come anti- 
moniato di Pb, sul metallo. In entrambi i casi si avrebbe infatti, per la presenza 
di PbO nel Pb di partenza, la reazione 

3 PbO + 2 8b % Sb,0, + 3 Pb. 


Mentre colle precauzioni adottate, nel caso della preparazione degli standards 


il pericolo viene eliminato questo puo sussistere per i campioni singoli sottoposti 
ad analisi per i quali una disossidazione nel vuoto porterebbe facilmente ad 


un’alterazione del tenore in impurita 


119 





(¢ , z lt ossidi ad i presenza abituale di quantita nhotevoll 


ossidi nel I } cluders infatti la percentuale dij 0, 


e circa dello 0.0002 132 oo 
In realta 1’O, incluso nei metalli, a temperatura e pressione normali e ad eccé 


zione del caso di por hi elementi nobili, deve essere considerato come combinate 
a formare ossidi questo a prescindere dalla bassa solubilita verso i gas presentata 
dagli elementi a basso punto di fusion Nel caso in questione bisogna quind 


parlare di solubilita dell’ossido « questa ammonterebbe allo 0.003‘ circa In pes 
Conside rando l’equilibrio della reazione sopra scritta SI vede che ordinariament< 
l’errore apy] ortato da queste tracce di PbO puo essere 


solo sulla 4a cifra decimale del tenore in Sb, entro quindi 





pienamente i limiti di errore dell’analisi spettrale di 


| ) 
400 0.00046 questo el mento 


650 0.0025 Bisogna quindi considerar la sola presenza accidental 


900 0.052 di ossidi di Pb, provocata, per es.. da una cavata di 





metallo dal forno a temperatura eccessivamente alta ¢ 
da un raffreddamento successivo eccessivamente brusco. Si riportano a questo 
proposito i valori trovati da BacKER su Pb tenuto per 15’ alla temperatura indicata 
raffreddato rapidamente ed estruso 

Ne l caso di leghe saldanti. « oé fortemente | vate non si incontrano variazioni di 
questo ordine di grandezza. Solo realizzando le condizioni di lavoro di Backer 
sono pertanto da temere errori di analisi per via spettrale, dovuti alla non uniforms 
distribuzione dell’eventuale ossido di Sb miscelato in quello di Pb 


(d) Righe usate. Fallito il tentativo di giudicare le diverse sensibilita con un 


effetto dell’O, sulla scarica, si penso di ; ul il fenomeno alla limita 


zione del campo di lunghezza d’onda presentata dall’abituale attrezzatura spettralk 


T abe 





Element 


83280,68 ( 5209.06 
2349.84 
2288,12 

2427.95 

8067,71 

2288 02 yA } 8965 02 


$247.54 


$414.76 
3064,71 


2839.99 


350.46 


338.56 
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la quale non permetterebbe quindi di comprendere le righe pili sensibili di alcuni 
elementi. Questa ipotesi trova la sua conferma nella Tabella 5 ricavata dal libro 
del Harrison [36], [37], dalla quale si osserva che per gli elementi As, Sb, Te 
le righe piu sensibili escono effettivamente dal campo « onsiderato di 2200—4400 A: 
mentre per gli elementi Sn, Bi, che presentano di fatto una sensibilita pit 
elevata, possiamo usufruire delle righe pit sensibili 

Un confronto fra le sensibilita di un elemento qualsiasi con quella p.¢ del Cu, 
non avrebbe perd alcun senso sulla base delia tabella esposta, la quale (essendo 
presumibilm«e nte diversa l’intensita per la riga pill sensibile di ogni singolo elemento) 
va interpretata con un criterio puramente qualitativo e in gruppi ristretti di 
elementi; appare pertanto fondato il criterio di suddividere le impurita in classi 
distinte 

1: Relazione tra la sensibilita spettrale e il sistema periodico 
L’ipotesi di una relazione tra i valori di sensibilita e la posizione nel sistema periodico 
viene avanzata da NACHTRIEB [38], ed é interessante osservare, fatti i debiti sposta 
menti specie per gli elementi ad alto p.e. per la presenza di metallo base Cu anziché 
Pb, un notevole parallelismo tra i valori relativi ottenuti nel nostro caso e quelli 
citati da detto A. 

Si ritenne opportuno riportare in Tabella6, ricavata da Hume Rotuery [39 
la relazione tra il sistema periodico e la struttura dei singoli metalli, nella quale 
si ritrova la suddivisione delle impurita da noi considerate nelle tre classi. Anche 
l’inversione della posizione tra Aue Ni della serie di RUSANOV a quella della Tabella 2, 


pud forse trovare una sua spiegazione nella Tabella 6 esposta 


7 abe lla 





II p 


Primo pi ( olo pe rioado 





Se ondo pit colo pe riodo 





Primo grande periodo 


Secondo oTrande pe riodo 


lerzo grande periodo 


9 ’ 
#2 CLASS 











Osservazioni 

Sarebbe stato nostro intendimento completare il presente lavoro calcolando i 
limiti di sensibilita secondo H. KAIseEr [22bis Tale sistema presenta grand 
vantaggi su quello semplicemente visivo; si evita infatti in tal modo la necessita d 
campioni tarati di bassa percentuale (e quindi di difficile analisi), ed in particolaré 
il possesso del camplone sul limite di sensibilita, in assenza del quale s1 e costretti 
ad interpolazioni sempre incerte. 

Essendoci mancato il tempo occorrente per tale lavoro, faremo di questo calcolo 


oggetto di una successiva comunicazion¢ comunqus secondo H. KAISER stesso 
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indezza dei valori ottenuti nei due 


metodi dovrebbe 
enso del lavoro eseguito non dovrebbe mutars 
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rapport cal 
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Résumé 


aleurs de détectior différentes impuretes 
ensuite les rapports ce valeurs aver celui que 
impure ou 


orde nt assez bien iver les movyennes des analogues rapports 


ur les valeurs tirées des plus récentes publications 


s entre les moindré valeurs de détection 


1 subdivisé les éléments considérés on trois 
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classes qui correspondent a celles de la représentation de HUME-ROTHERY du systéme 
periodique, en étudiant ensuite les variations de la sensibilité dans la 1.ére et la 
3.emé classe 


Dans la l.ére classe, la sensibilité suit l’ordre des chaleurs de vaporisation 
Pour les éléments de la troisiéme classe, la sensibilité particuliérement déficient« 


est probablement due a la position de sraiesles plus sensible sdansl’U.V.de ScHUMANN 


Summary 


| sing a spark source we have ascertained the limit of detection of the 


various impurities i 
lead and have then taken into consideration the 


ratios between the values obtained for the 
various elements and the value obtained for the impurity Cu. They have been found in good 
accordance with the average of similar ratios derived from other published work. 

Having thus verified the presence of considerable differences in the limits of detection of 
the various elements, we subdivided the elements under consideration into three classes cor 
responding to the classes of HUME-RoTHERY’s description of the periodic system and examined 
then the variations in sensitivity in the first and third class. 

In the first class the sensitivity follows the order of the heats of vaporisation. As to the 
elements of the third class, the particularly low sensitivity is probably due to the position of 
the ultimate lines in SchumMaNNs U.\ 
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enregistreur pour la spectrophotometrie 


Sur le cété gauche, le traiet est analogue. Un objectif O, forme l’image dau fila 
ment sur le cliché photographique £ dont on veut mesurer la densité. Un coin 
photométrique mobile C est interposé dans le faisceau. La lumiére est ensuit 
reprise par l’objectif symétrique O, et une nouvelle image est formée sur la fent 
variable F,. Puis par l’intermédiaire du prisme réflecteur P, le faisceau est dirigs 
sur la cathode de la cellule Cm 

Les 4 objectifs utilisés sont des objectifs de microscope Nachet dont l’ouvertur: 
numérique est 0,27 et le grossissement 10. La plage utile sur le cliché correspond 
a l'image de la fente donnée par l’objectif O, avec une réduction a 1/10. Un tambour 
gradué en 1/100 de mm permet de connaitre la largeur de la fente et par suite celle 


Ay 


a @ 


~ 


’ 


ite ST 


> 


de son image. On peut explorer ainsi une bande de cliché de 3 u de large sur 750 u 
avec la source de lumiére utilisée normalement. On peut également utiliser une plage 
da’ xploration carrée de 30 u 30 u 

La cellule employée est une cellule a gaz a cathode de coesium-antimoine dont 
la sensibilite sper trale est trés voisine de celle de |’oeil en sorte que la mise au point 
visuelle reste correcte. 

Un dispositif spécial est prévu pour faciliter la mise au point de l’image du cliché 
dans le plan de lévres de la fente (Fig.2). Entre l’objectif O, et le prisme P, un 
miroir M peut étre introduit qui renvoie le faisceau sur un oculaire A,. Cet oculaire 
constitue avec l’objectif O, un microscope que la manoeuvre de O, permet de mettre 
au point sur la granulation de cliché. La manoeuvre de O, permet d’amener en 
méme temps l'image du filament de la source a étre au point dans le plan de |’émul 
sion. Aprés escamotage du Miroir M la rotation de O, permet la mise au point de 
image brillante du filament ce qui entraine celle de l'image du cliché, beaucoup 
moins brillante. 

La projection du cliché sur la fente peut également étre examinée avec un certain 
grossissement. En effet en méme temps que le miroir M se trouve escamoté une 
lentille L,, qui avec la lentille L, et l’oculaire A, constituent un systéme optique 
grossissant, est introduite dans le faisceau. Cet examen peut méme étre effectué 


lorsque l'appareil est en cours de fonctionnement 
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MATHIO1 


Le coin utilisé est en verre neutre taillé, il est donc parfaitement linéaire; la 
densité maximum en lumiére dirigée du coin normalement utilisé est égale a 2 
\ cause de l effet diffusant des couches photographiques, les densités déterminées 
d’aprés la pente du coin ne correspondent pas aux densités mesurées en lumiére 
diffuse sur un densitométre. Les deux types de densité étant proportionnels il est 

ile d’étalonner pour un genre d’émulsion déterminé les déplacements du bras 
en densités diffuses. Avec les coins de 2, la largeur de l’enregistrement correspond 
1 un intervalle de densité de 1,6 environ. Ll est d’ailleurs possible de décaler l'ensemble 
de l’échelle des densités en agissant sur les fentes de facon que l’enregistrement 
corresponde par exemple a des densités comprises entre 1,4 et 3. On peut également 
remplacer le coin par un autre de pente plus faible. Dans les deux cas on est cepen 
dant limité par la diminution du flux et par conséquent de sensibilité qui en résulte 

La fréquence de modulation est de 420 périodes par seconde. Les 9 évidements du 
cylindre sont placés de telle maniére que lorsqu’une voie est démasqueée, l'autre est 
masquée et inversement. A |’équilibre la somme des flux lumineux passant par l'une 
ou l'autre voie et tombant sur la cellule est constante. Tout déséquilibre se traduit 
par une variation périodique du flux qui, agissant sur l’amplificateur commande la 
mise en mouvement du coin jusqu’é ce que |’équilibre soit rétabli. 

Comme on l’a vu, a |’équilibre le flux total est constant: il n'y a done aucune 
composante alternative dans les courants photoélectriques. Au contraire lorsqu’il 
y a un déséquilibre, le flux est modulé et la modulation résultante du courant est en 
phase avec celle du flux qui a la plus grande intensité lumineuse. C'est cette compo 
sante alternative du courant photoélectrique qui est utilisée pour commander le 
déplacement du coin dans |’un ou l'autre sens suivant sa phase. 


Dispositif electronique 

Le signal provenant de la cellule, préalablement amplifié, est appliqué a un tube 7, 
Fig. 3) monté en déphaseur de sorte qu’a la sortie de ce tube on obtient deux 
courants déphasés de 180° l'un par 
rapport a l'autre, ceux-ci sont de 
nouveau amplifiés puis sont écrétés 
avant d’alimenter les circuits de grille 
des tubes T, et Za: 

La tension anodique appliquée a 
ces tubes est elle-méme une tension 
alternative a 420 périodes qui est 
obtenue par amplification du courant 





d’une cellule auxiliaire qui recoit une 
partie du flux de la voie de droite 


°° Cette tension est donc en phase avec 

RELAIS DIFFERENTIEL aa ‘ 
: la lumiére qui traverse la tare 7’. Ce 
roniqu 

montage fonctionne en discriminateur 


le phase, le courant dans chaque tube augmentant ou diminuant suivant que le 
I | 1 


signal sur la grille est en phase ou en opposition de phase avec la tension anodique. 


En série avec ces tubes sont insérés les deux enroulements d’un relais différentiel 
qui commande le sens de marche du moteur d’entrainement du coin 
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Quand |’équilibre lumineux est réalisé, les courants débités par les tubes 7, et 7; 


sont égaux et faibles, et le relais différentiel est a sa position d’équilibre. 


Si l’équilibre est rompu dans un sens ou dans l'autre, le débit d’un des tubes 7, 


ou JT, augmente. Le relais différen PORTE PAPIER 
tiel est alors exité et commande ; — i 
la rotation du moteur du coin dans o/ 
le sens propre a rétablir l’égalité 
des flux 











La quantite de lumiére recue pal 
la celhule a la position d’équilibre ne 





dépend pas de la densité mesurée Dispositif schématisé du 


La sensibilité de l'appareil et sa ipe mécanique. 


| Fa 
precision restent donc constantes , 


Avec le coin normalement employé un millimétre sur le papier représente un 
peu moins de 1/100 en densité, la précision du servomécanisme étant de l’ordre du 
demi-millimétre, l'appareil permet 
donc la lecture de densités a 5/1000 
prés et cela pour des densités com 


prises entre O et 4 


Dispositifs mécaniques 
Le coin photomeétrique est lié dire: 
tement a un bras traceur qui porte 
a son extremite un styloa bille. Les 
déplacements du bras sont ainsi 
inscrits directement sur une feuille 
de papier ordinaire. 

Le couplage des mouvements du 
cliché et du papel d’enregistrement 
est assuré d’une facon trés simple 

Fig 4) Une tige liée au chariot 
porte-plaque vient au contact d’une 
came placee sous le chariot porte 
papier, celui-ci se déplace dans une 
direction perpendiculaire a celle du 
chariot porte plaque Il est possible 
en faisant varier l’angle de la came 
avec la direction du déplacement 
d’avoir un grandissement variable 
des abscisses du spectre. Des gran 
dissements de 2.5 a 100 sont ainsi 


obtenus. 


Arret chariot 


L’appareil comporte un dispositif ingénieux qui permet de donner aux tables un 
mouvement relativement rapide lorsque les variations de densité sont progressives 
sans réduire la précision lorsque les variations brusques se présentent. 
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En effet, grace a ce dispositif, le mouvement de la table porte-papier et par conse 
quent celui du cliché n’est pas continu. Si le déséquilibre des deux flux dépasse une 
certaine valeur le mouvement est arrété et nest repris que lorsque le bras ports 
coin a atteint la position d’équilibre des flux 

Ce résultat est obtenu en appliquant une fraction du signal a la grille d'une 
lampe amplificatrice qui lorsque le signal dépasse une certaine valeur excite un 


relais et coupe ainsi l'alimentation du moteur d’entrainement de la table 


Principaux avantages 
Le S rincipaux avantages de lap areil sont les suivants 
| Py 
Il ne comporte ni galvanométre ou autre appareil de mesure délicat, ni éléments 


un entretien difficile comme | act ilateurs. Il est alimenté uniquement et 


OCUL AIRE 


OBJECTIF SUPERIEUR 


ee CES CHARIOTS 


INTERRUPTEURS 


CHARIOTS 


directement par le secteur. Sa mise en état de marche demande cing minutes 
environ. 


Les indications ne dépendent ni de la stabilité de la source lumineuse, ni de la 
proportionnalité du courant photoélectrique au flux lumineux, ni de la linéarité de 
la réponse de |’amplificateur. 


Il permet le travail a la lumiére du jour, l’enregistrement est constamment 
visible ce qui permet de le suivre en cours de fonctionnement. 

Ii donne directement |’enregistrement de la densité sur un papier ordinaire a 
échelle linéaire. 

Sa précision, meilleure que 0,01 en densité, est la méme quelque soit la densité. 


La vitesse d’enregistrement est automatiquement réduite pour les variations 
rapides de densité. 
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La consommation en énergie électrique est trés réduite (350 w). Il nécessite 
aucun entretien particulier. La partie électronique n’utilise que des tubes courants, 
dont le remplacement ne nécessite aucun choix préalable. 

L’appareil posséde un trés bon pouvoir séparateur. 

Les photographies suivantes représentent l'appareil tel qu’il est actuellement 
réalisé industriellement par Monsieur LERVAT, a la suite d’une étroite collaboration 
entre Monsieur le Professeur Vassy, Monsieur LERvart et des Ingénieurs de la Société 
Kodak Pathé. 


La vente de l’appareil est assurée par la Sociélé Kodak Pathé a Paris pour la 


France et par les représentants de la Sociélé Fopex pour les pays étrangers. 


Résumé 


On décrit un microdensitomé tre enregistreur présentant sur les appareils courants des avantages 
d’ordre théorique et d’ordre pratique. L’appareil utilise un principe analogue a celui de la 
pesée A tare constante. Ainsi ses indications ne dépendent ni de la stabilité de la source lumineuse, 
ni de le linéarité de la réponse de l’ensemble cellule et amplificateur. Du point de vue pratique, 
il est uniquement alimenté par le secteur et est immédiatement en état de marche. I] permet le 
travail & la lumiére du jour. De plus, il donne directement la densité enregistrée sur papier 
ordinaire, avec une précision constante de 0,01 en densité. 


Summary 
4 recording microphotometer is described with an electronic amplifier and a moving wedge, 
automatically operated to balance the measured beam. A lever which follows the movement 
of the wedge carriage ends in a ball-pen, and records the density of the area scanned with 
a variable magnification (between x 2,5 and x 100) of the traverse. The precision is said to be 
about 0,01 density units between 0 and 4. The instrument is operated from the mains, and needs 
only 5 minutes warming-up period. 
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Ancora su talune determinazioni sensitometriche in spettrografia 


O. Mast e B. MoRELLO 


Premessa 

Le ricerche sulle quali si riferisce in questa nota completano le determinazioni che 

hanno fatto oggetto di un precedente lavoro [1] e rispondono in modo sufficiente 

mente conclusivo al quesito che la ci si era posti e cioé se e sino a qual punto con 

l'apparecchiatura in dotazione al nostro Laboratorio Spettrografico e con il materiale 

sensibile da noi generalmente usato era possibile introdurre i metodi di analisi 
issoluta 

La taratura delle lastre fotografi he e stata questa volta eseguita con il metodo 

i serie di righe omogenee dello spettro del Fe I] si tratta di un metodo 1 cul 

sono ampiamente illustrati nella letteratura dal lavoro originale 

di Dieke [2] a quelli successivi, tra i quali ricor 

diamo [3 j 5], ma la cui applicazione nella 


pratica correnté non ha ricevuto, a quel che ¢i 





consta, una descrizione adeguata née riferimenti 
sufficienti ad una rapida e sicura messa a punto 

Ori singolo laboratorio 

Le righe di ferro che si utilizzano per la taratura 
devono anzitutto soddisfare. come é noto, i seguenti 
re quisiti 

l. essere tra loro .omogenee e cioé avere valori 
di intensita relative costanti al variare, almeno centro 


limiti relativamente modesti. dei parametri elettrici 





del circuito di eccitazion 
ina zona spettrale di ampiezza limitata (una cinquantina 
coincidenze di righe di elementi comuni, non essere affette 
o variabil 
ntervallo di intensita abbastanza ampio (da 0,1 a 10 circa) 


aratteristica della lastra con una sola esposi 


ce lla British Tron and Steel Re search 
altre una serie di righe le cui intensita 
singolo laboratorio sono state dete! 


misure di controllo che ‘ opportuno ese vulire 

offerta dal metodo e raccoglie inoltre tutte le osservazioni che in 

lirettamente o direttamente é possibile dedurre. durante le varie fasi della taratura 
stiche delle lastre e sul comportamento dei generatori. Esula invece 


oni controllo sulk condizioni di omogeneita delle righ e 
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Parte sperimentale 
a) Apparecchiatura 
Si sono utilizzate due distinte apparecchiature e precisamente 
1. spettrografo Hilger E492 +- generatore Hilger + settore Hilger 
2. spettrografo Zeiss Qu24 + generatore Feussner + settore di nostra costru- 
Zione. 
Il fotometro adoperato é stato in ogni caso quello Zeiss. 


Le condizioni sperimentali adottate sono descritte nella tabella 2. 


Tabella 2. Dati sulle apparecchiature e sulle manipolazioni fotografiche 





) 


i pparecchiatura 1 i pparecchiatura 2 


Spettrografo Hilger E 492 Zeiss Qu 24 
Larghezza fenditura mm 0,015 mm 0,010 
Settore logaritmico ; rapporto di esposizione 2:1 rapporto di esposizione 2:1 
giri al |] 1050 altezza 
gradini l mm 
Generatore Hilger 1/4 kVA, 0,005 uF, Feussner 0,35kVA (schema 
20000 V, senza induttanza assorbimento), 0,0033 uF, 
15000 V, senza induttanza 
Elettrodi . Fe + ( Fe + C 
Lastre . -— Ilford T.F.H.T. Iljord T.F.H.T. 
Ferrania Fotom. Norm Ferrania Fotom. Norm. 
Ferrania Ortocr. spec. Gevaert Scientia 23 D 56 
Kodak B10 
Ilford Zenith | 
s\ iluppo P ; Metolo 1 ¢: sodio solfito (anidro) 13 g; idrochinone 2,2 g; sodio 
carbonato (anidro) 9g; potassio bromuro 0,3 g; acqua fino 
a 1000 ce 


rempo di sviluppo 90 ] 


Temperatura di sviluppo. 2)" ¢ 0.5 
Fissaggio Sodio tiosolfato 225 g; sodio solfito (anidro) 7,5 g: acido acetico 
glaciale 9cc; allume di potassio 15g; acqua distillata fino 


a LOOO cx 
Tempo di fissaggio 3 
Fotometro . : Zeiss (larghezza fenditura mm 0,50 larghezza prefenditura 
mm 3 





b) Cenni teorici sulla curva Dilog T 

Il procedimento seguito é schematizzato nella Fig. 1. Nel piano D/log 7 si tracciano 
tutti i diagrammi ottenuti per le diverse righe spettrali della serie; ad un livello 
determinato di densita si misurano gli intervalli A log 7 tra una riga presa come 
riferimento e le altre della serie ; a questi intervalli si da, nella pratica sensitometrica, 
il nome di log J,,,. 


Si tratta in realta di una funzione complessa dipendente dal coefficiente p di 
SCHWARZSCHILD. Consideriamo difatti (Fig. 2) due righe spettrali aventi intensita 
reali J, e J,, le quali impressionino una lastra fotografica per tempi di esposizione 
rispettivamente 7’, e 7’, scelti in modo tale da provocare un uguale annerimento D, 
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ema del procedimento ‘ erminazione 
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logT2 logl: logT 


Fig 2 Mancar za di rex iprocita nella det« rmmunazione delle I rel. 


nei due casi; se si intende con E,,, | ‘esposizione efficace [7] ([8], pag. 110) e si sup 
pone p funzione delle intensita 


7, 7? 


a 





Am 


ora su talune determinazioni sensitometriche 


in spettrografia 


Pr log 7’ Pe log T, log/, log I 


+ 
non € realizzata la condizione di parallelismo tra le due curve, e quindi 


log T, Pe log iy (log I, 


>, log/,), 


(1) 
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Diagramma log I e] 


16 
log T/D per una lastra Ilford T.F.H.T 


cioé non solo il punto B corrispondente a D, ed I, avra una ascissa inferiore 
l 


(log I, log I,) rispetto al punto \ corrispondente a D, ed I, 


ma il valore 


intensita relativa misurato dipendera anche dal livello di densita scelto 
D’altro canto 


(log Tl, p, log y log I, P; log T 
(log I, log/, q 1D) Po 

P2 ’ - P\Yr,). 

Se ne deduce che 


se i yp della serie 
tra loro e la 


sono uguali tra loro 
1] assume la forma 


saranno anche i 


llog 7’ , (log I, log I,) 
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che é indipendente dal livello di densita. Nel caso particolare p = 1 le intensita 
dedotte per via fotografica corrispondono alle intensita vere. 

Per queste considerazioni non pare logico supporre, per la particolare lastra in 
esame, un p ipotetico indipendente dal livello di densita; il che si tradurrebbe, in 
pratica, nel tracciare nel piano D/log T delle rette parallele alla retta fondamentale, 
sulla base di un solo punto sperimentale per ogni riga spettrale e precisamente di 
quello del gradino non indebolito. La determinazione delle J,,, utilizzando tutti 


log | 
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Fig. 4. Diagramma log J,_j/log T/D per una lastra Ferrania Fotomeccanica Normale. 


dow 





i punti sperimentali é d’altronde assai utile anche ai fini di una pili completa valuta 
zione delle caratteristiche della lastra, con una definitiva maggior precisione nei 
valori delle J,,,. 

A prescindere da una formulazione quantitativamente rigorosa, che esula d’al- 
tronde dal tema specifico di questa ricerca, le relazioni tra D, log J,., e log T' sono 
rappresentate graficamente, per alcuni tipi di lastra e per le righe spettrali della 
serie* nelle Fig. 3, 4 e 5 nelle quali le curve caratteristiche vengono tracciate in 
funzione dei tre suddetti parametri. 

*A quelle elencate in tabella 1 sono state aggiunte la riga 2790,56 Fel, e le righe 2823,27 Fel, 


2835,46 Fel rispettivamente usate da 8. D. Steele (Babcock & Wilcox) e da K. Dixon (W. Jessop & 
Sons) 
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Diagrammi di questo tipo permettono alcune previsioni sui possibili errori 
analitici che possono aversi per effetto di p. Consideriamo per esempio i metodi 
spettroquantitativi nei quali il 4 Y della coppia analitica é basato sulla misura della 
,separazione™ tra le righe della coppia stessa ({9], pag. 21): @ evidente che i 4 Y 
cosi rilevati sono riproducibili-per quanto dipende dal p-solo se misurati sempre 
allo stesso livello di D; i metodi invece che si fondano sul confronto interno saranno 
anch’essi affetti da errori con il variare dei livelli delle densita delle due righe della 


log ba 
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Fig. 5. Diagramma log I;e)/log 7/D per una lastra Ferrania Ortocromatica Speciale. 








coppia: il che pud dipendere sia da una variazione grossolana del ,,tempo crono- 
logico“ di esposizione, che da una possibile variazione del ,,tempo effettivo“ di esposi- 
zione e cioé della somma dei tempuscoli elementari durante i quali si é avuta la emis- 
sione delle righe analitiche ; scarti analoghi si possono pure verificare se variano,da uno 
spettro all’altro, le intensita delle righe analitiche e cioé il numero di atomiemitte nti. 

I diagrammi in Fig. 3, 4e 5 consentono di calcolare in ogni caso — supposta = 1 
la pendenza della retta analitica — i possibili errori percentuali che sono proporzio- 
nali, come é évidente, alla differenza tra le intensita delle righe della coppia. 


c) Determinazione sperimentale delle I, 
Con le due apparecchiature a nostra disposizione e per alcuni tipi di lastre pit: usate 
in spettrochimica, si sono ottenuti i valori di log J,,, che sono riportati nelle 
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Tabella 3. Valori di log Ire; per diversi tipi di lastra, ottenuti con Vapparecchiatura 1 





Ferrania Fotom. | Ferrania Ortocrom. | 


Ilford T.F.H.T. ; Kodak B 10 
Righe Norm Speciali 


o log I 





logIrey | clogl log Irel stead | tenia 
ss T + T 
| 





o log I | log Ire} 


2831.56 0,591 0.0069 0,610 0,0115 0,616 0,012 0,603 0,0113 
2835.46 0,357 0,007 0,365 0,0085 0,380 | 0,0094 0,361 0,0083 
2793.88 0,137 0,0044 | 0,140 | 0,0081 0,145 0.0077 0,144 0,0084 
2828,63 0,016 | 0,0023 0,027 0,0068 0,029 0,006 0,020 0.0029 
2799,28 0,000 0,000 | 0,000 | 0,000 
2823,27 1,786 0,0098 | 1,788 0,0116 1,786 | 0,009 | 1,780 0,0155 
2827,43 1,647 0,011 | 1.645 0,0165 1,649 0,0091 1,636 0,0148 
2819.33 1,302 0,016 | 1,290 0,0165 | 1,291 0.0184 | 1,282 0.0143 
| J 

I 


| ‘ . ' 
2783.69 0,802 0,009 | O,811 | 0,0158 | 0.833 0.0106 0,816 0.0182 


2790.56 1,269 | 0,021 0.0177 | 1,255 0,0175 | 1,256 0,0159 


2812,49 1,210 0,022 | 0,0325 | 1,187 | 0,013 1,191 | 0.0117 








tabella 3e 4 assieme ai corrispondenti scarti quadratici o,,, ;*; dall’esame compara 
tivo dei dati sperimentali si deduce che: 

1. i valori diversi del coefficiente p spiegano i diversi valuri delle J,,, per i di- 
versi tipi di lastra corrispondenti alla stessa riga 

2. il diverso tipo di eccitazione giustifica i diversi valori delle /,,, corrispondenti 
alle stesse righe, per lo stesso tipo di lastra e con le due apparecchiature ; 

3. la quasi assoluta proporzionalita tra i o,,., ed i log J,,, per tutti i tipi di 
lastre sembra dipendere sostanzialmente dalla variabilita del p, che é resa evidente 
da misure di oy, sulla stessa lastra, su lastre della stessa emulsione e su lastre dello 
stesso tipo, ma di diverso numero di emulsione (tabella 5) ; 


* Riassumiamo nel prospetto che segue i simboli degli scarti quadratici riportati nel testo, la loro 
definizione e la formula con la quale sono stati calcolati; per dettagli sull’argomento rimandiamo a [15] 





7 
Definizione | Calcolato con Il’ espressione 





a 7 — _ ——— . —+- 





Scarto quadratico medio delle letture fotometriche 
espresso in densité, calcolato come media su 2 serie 


di 20 letture di 2 righe a diversa densita 


1D; 


Scarto quadratico medio dovuto alla lastra, espresso 


in densité e depurato dell’errore fotometrico 


2 (. ee 


Scarto quadratic o medio totale espresso in A log I 
nel piano D/log Ire} 


Scarto quadratico medio del y nel piano D/log T 


Scarto quadratico medio del : nel piano D/log Tret 


5) 1 log J 


Scarto quadratico medio nella determinazione dei | 


Scarto quadratico medio dovuto al generatore ; ~— 


valori di log J re} 








Tabella 4. 


Ancora su 


talune 


determinazioni 


sensitometriche in 


Valori di log Ire per diversi tipi di lastra, 


spe ttrogratia 


ottenuti con V’apparecchiatura 4 





Righe 


2783,69 
2831,56 
2835,46 
2793,88 
2828,63 
2799,28 
2823,27 
2827,43 
2819.33 
2790.56 


2812,49 


Ilford T .F.H.T 


log I rel 


0,892 
0,664 
0,410 
0,151 
0,050 
0,000 
1,856 
1,649 
1,321 
1,288 
1,253 


olog I 


0.0161 

1.0160 
0.0137 
0,0069 


OO58 


,0139 
,0123 
,0240 
,0262 


0,0206 


Fe rrania 


log Ire} 


0,903 
0,680 
0,411 
0,152 
0,054 
0,000 
1.858 
1,645 
1,330 
1,284 
1,247 


Fotom. 


N or mali 


clog J 


0177 
O11L7 
O110 
0080 


0056 


,0152 
.O1L78 
0175 
0117 
0102 


Gevaert 


log [rel 


0.888 
0,654 
0,395 
0,146 
0.044 
0,000 
1,874 
1,660 
1,360 
1,316 
1,273 


23 D 56 


6 log I 


0.0189 
0.0173 
0.0116 
0.0086 
0,0059 


0.0104 
0,0085 
0,0155 
0,0233 
0.0187 





Tabella 5. 


V alori di oy 


7 


per una 


lastra 


per 


un’ emulsione 





Iljord T 


Ferrania Fotomecce. 


k erranta 


Tipo 


F.H.T. 


li last 


ra 


Normali 


Urtocrom. Speciali 


Lastra 


N.° 


Oy per la riga 2783,69 


una lastra 


0.0114 
0.0097 


0,0445 
0.0550 


0,0244 


una em ulsione 


+ 


0,0125 


0.0588 


0.0282 


0.0367 


Kodak B10 0.0423 


0.0109 


0,0353 


Gevaert Scientia 23 D 56 0,0417 





4. i valori indicati per le Kodak B 10 sono da considerarsi orientativi a causa 
del livello di densita generalmente troppo elevato*. 


d) Altre cause di errore nella determinazione sperimentale delle I, 


Gli altri errori che si commettono nella determinazione fotografica delle intensita 
relative sono sostanzialmente dovuti alla disomogeneita della gelatina, alla 


del 


non 


costanza generatore e, per un’aliquota generalmente piccola, all’errore foto 


metrico. 


Indicando con a; lo scarto quadratico medio dei valori di densita, con a, lo scarto 
in intensita dovuto al generatore, con a; lo scarto delle letture al fotometro e con a,,, 
lo scarto totale avremo per la nota proprieta additiva delle varianze 


| 9 0; 


* Pur non potend cisare 1 modo teoricamente rigoroso né sperimentalmente corretto il conc 


ai 


di esposizione superino 


», tempo adi esposizione critico oO equivalente, gli AA ritengono assal probabile che ove 1 


certi valori limiti la forma del diagramma sensitometrico possa notevolment 


consueto 


scostarsi dall andamento 
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Le curve D/log T corrsipondono all’allineamento medio dei punti caratteristici; il 
che in pratica si ottiene facendo in modo che per ogni tratto rettilineo la somma 


ILFORO-T FHT 


FREQUENZE & 


| 
Ee St : i 
60 46-040 030 - 0 “03 «+0 6 6+08 
Fig. 6. Distribuzione delle frequenze percentuali degli scarti in densita nel piano D/log T per lastr 


Ilford T.F.H.T 


degli scarti negativi sia circa uguale alla somma degli scarti positivi dei punti speri 
mentali. La distribuzione dei punti é casuale e non dipende da particolari livelli 


T 


FERRANIA - FOTOMECCANICA NORMALE 


FREQUENZE 





+030 «= +40 
Fig. 7. Distribuzione delle frequenze percentuali degli scarti in densita nel piano D/log T per 


lastre Ferrania Fotomecc. Norm 


di D; essa si pud considerare determinata dall’effetto globale di queste cause di 
disomogeneita [1] 

1. disomogeneita zonale della gelatina (macro-errore), 
2. disomogeneita locale della gelatina (micro-errore). 
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Per quanto concerne le emulsioni esaminate in questo lavoro si dimostra speri- 
mentalmente che la distribuzione degli scarti é praticamente gaussiana e non dipen- 
de, per esempio, dai particolari livelli di densita considerati. Nelle Fig. 6, 7, 8 e 9 
sono riportati i diagrammi delle distribuzioni delle frequenze percentuali per diversi 
tipi di lastre e nella Fig. 10 é riprodotto un diagramma o,/D che mette in evidenza 
l’indipendenza da D degli scarti trovati, almeno per il tipo di lastra indicato 


’ 


FERRANIA-QRTOCROMATICA SPETIALE 


FREQUENZE % 





040 030 020 010 0 “010 .*020 +030 +040 +050 
Fig. 8. Distribuzione delle frequenze percentuali degli scarti in densité nel piano D/log T per 
lastre Ferrania Ortocrom. Speciali. 


Si sono ottenuti cosi dei o, la cui esattezza numerica é sufficientemente confer- 
mata dai corrispondenti valori desunti dalla letteratura pitt recente [10], [11], [12], 
alcuni dei quali sono stati riportati nella tabella 6. 

E da notare, per quanto in particolare riguarda le lastre Ferrania Fotomeccaniche 
Normali, il notevole accordo che sussiste con i nostri precedenti rilievi eseguiti su 
lastre annerite in luce bianca con illuminazione uniforme : da taluni autori si era avan- 
zata qualche riserva su misure del genere. 

E evidentemente possibile valutare la disuniformita della gelatina anche con 
misure dirette [14]; se ne accenna qui in breve a conforto dei dati della tabella 6 
riservando ad altra occasione una trattazione specifica dell’argomento. 


Tabella6. Riepilogo di aleuni o 





ie fr) Stot 
Tipo di lastra . — ——————— 





appar. 1 | appar. 2 appar. 1 | appar. 2 
A | - —_—___} 


+e lies EE mh... 


Ilford T.¥.H.T.* 0,00409 | 0,00356 | 0,00966 | 0,00165 | 0,00524 | 0,0106 


Ferrania Fotomecc. Normaili 0.00901 | 0.00333 | 0.00879 | 0.00165 | 0.00975 


| 
| | | 
| | 


Ferrania Ortocrom. Speciali 0,0120 0,00341 | Soe 0,0126 | 


| 
| 
| 
J 
| 
| 


0,0127 














* I corrispondenti valori ottenuti da altri ricercatori per l’apparecchiatura | sono 


0; 0,0016 0,0021 [10] 0) 0,003 0,004 [11] 


G, 0,0002 0,004 [10] CO; 0,003 [10] (fotometro Hilger 
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FREQUENZE CUMULATIVE % 
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Diagramma o;,/D per un tipo di lastra 
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500, delle zone interessanti della lastra 


Si ricavano ingrandimenti su lastra, 
originaria e si misura, ad occhio o per mezzo di microfotogrammi, la distribuzione dei 


‘eg & 


@ 


Ingrandimento della riga 2831.56 (lastra Jlford " 


Fig. 1] 


BRIERE, see 
est ee 


q™. * 
Norm. L/16) 500. 


Ingrandimento della riga 2831,56 (lastra Ferrania Fotomecc 


Fig. 12. 
alogenuro d’argento. Lo schema di misura da noi adottato si pid cosi 
0,1 + 0,2), cioé 


granuli di 
scelta una riga di densita non troppo elevata (D 


descrivere : 


141 





O. Mast e B. MorEeELLo 


tale da vedere i granuli risolti ad ingrandimento x 500, si stabilisce sull’ingrandimento 
una zona lungo |’asse centrale della riga spettrale presa in esame (Fig. 11 e 12), nel 
nostro caso di mm 50 x 3 (corrispondente sulla lastra originaria a mm 0,1 x 0,006) 
Wuesta zona e stata fotometrata per trattl con apparect hio autoregistratore Zeiss 


(fend. 0,08 x 0,2 mm) ottenendo dei microfotogrammi, ciascuno ricoprente mm? 7,5 


corrispondente sulla lastra a mm* 3 10-5: si valuta su ogni microfotogramma il 


rranuli di argento anneriti inclusi nel tratto esplorato e si esprime infine 
della gelatina come scarto di numero di granuli di argento anneriti 

li superficie 
ediment ato applicato ad una lastra J/lford T.F.H.T.e ad una Ferrania 
i valori degli scarti quadratici medi ottenuti sono rispetti 


lo stesso rapporto de 1 orrispondenti 


tanno tra di loro ne! 
nuo determinare con misure planime triche, la 
» medio: prime misure orientative hanno dato 4.34 — 0.02 


Fotomeccanica Normale e 0.16+ 0,012 10°-* mm* pet 


yparecchiatura 2 \ i é basati su serie di 20 letture di 
0.520 0,550 il risultato « riportato me lla tabella 6 

10] per il fotometro dell’apparecchiatura | 
ava infine dai diagrammi D/log /, esprimendo in A log / 
mentali dal diagramma Nella tabella » ¢ riportato il ao 
1 presente ricerca. Va precisato al riguardo che il a 
icora affetto da un errore residuo dovuto alla lastra ed 
potrebbe depurare calcolando. per i singoli valori di 


media o . in ineé il numero dei punti 


iare i singoli diagrammi PD log 7’: infatti la precision 
ea media é funzions : della dispersione del 
oefficiente o,, @ pero trascurabile, almeno in prima 
uso, come il presente, di dati comparativi 


permettono pure la misura del oy,, riportato per alcuni 


na fmulisione 





1) thin 


O.O1] 


0.0289 


0.0164 


rania Urtocrot! ! ‘la 0.0109 


O.0200 


0.0027 OTT 


0.0223 
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talune determinazioni sensitometriche in spettrografia 


I valori di o,,, e di oy; hanno un’importanza analitica evidente; in particolare, 
supposto uguale all’unita il fattore K di proporzionalita nella relazione fondamentale 
1Y = KlogC% + z, gli scarti in A log J, per essere calcolati tra righe tutte dello 
stesso elemento e tutte omogenee, rappresentano certamente il minimo errore nella 
determinazione quantitativa che sia ottenibile con quel particolare tipo di generatore 
e di lastra. 


( La porzione curva del diagramma D log J 

E infine da sottolineare che nel calcolo delle varie grandezze e dei diversi coefficienti 
di errore, le determinazioni che si riferiscono a valori di densita inferiori al livello di 
soglia sensitometrica (sono in genere 
le righe aventi una /,,,<1) possono 
avere evidentemente una munore pre 
cisione, essendo esse il risultato, in 
ultima analisi, di interpolazioni gra 
fiche, nel piano D/log 7’, tra punti che 
appartengono a diverse porzioni di una 
curva. Che in effetti questo avvenga si 
deduce direttamente dalle tabella 3 e 
t nelle quali Djog J piu elevatisi hanno 
appunto per le righe aventi /,. <1 


el 





Anche entro questi limiti la conos 
cenza delle J.., di righe a bassa intensita 


u 
logls 


raddrizzamento 


consente pero una determinazione, 
sufficientemente precisa e di notevole 
interesse analitico, della porzione curva Dilog I 500 
del diagramma sensitometrico. 


Per motivi di brevita rimandiamo ad una prossima trattazione una esposizione 
I 


di risultati sperimentali specifici. Anticiperemo solo che: 
1. Le eqaazioni analitiche della parte curva (Fig. 13) si possono esprimere con 
una equazione del tipo 


D K, (log I — log I,)? K, (log I -- log] D 


nella quale i coefficienti assumono, per lastre dello stesso numero di emulsione 
i valori della tabella 8 Con lastre di altro numero di emulsione abbiamo riscontrato 
a) per le Ilford T.F.H.T. una notevole concordanza con i valori tabellati 
b) per le Ferrania Fotomeccaniche Nermali, una certa correlazione trai K ed ily, 
per esempio, per l’emulsione N.° 7787 K, = 0,4033, A, = 0,9289 (e y; = 0,94+ 0,06) 
mentre per l’emulsione 7699 y, = 1,12+ 0,06; 


Tabella 8. Coefficienti dell’ equazione della porzione curva nel diagramma D/log I 





, ny, te rrar Gevaert S ad 
Iliord T.F.H.T Ferrania Fotom Ferrania Kodak B 10 sevaert crentia 
l ocre S ali 2 s 
7197 D) Normal Ortocrom. i pecial em. SV 14M 23D 56 
(em. 50348 BE) 
a - athe = 


y 220 ) 
em. 7699) (em 33912) 


Coett 


0,4531 0,5375 0,5187 0,7437 0,675 
0.93125 11,1025 0,965 1,295 1.1525 


0,5 +-0,05 0,6 + 0,05 0.5 +-0,05 ,6+ 0,05 0.5 +-0,05 
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2. le equazioni di raddrizzamento assumono la forma 
D, = ¥; K | A = 1a dD) D, 
con valori di K’' K"’ K’” indicati in tabella 9. 


Tahella 9. Coetlicienti del ] rTione di raddrizzamento delle porzvne curra nel diagramma D log ] 





Ferrania Gevaert Scientia 


Kodak B 10 I 
wn. Swe 3 6 
Specalt | tem. SV 14M —— 


em. 32912 ) 50348 


1.0256 0.9302 0,8706 


LO518 0.8653 0.75795 


1.8606 1.9275 1.3446 





Il presente lavoro fa parte di un programma di ricerche iniziato presso l’1.8.T.E.B 
ed in parte svolto anche nel laboratorio spettrografico della W. Jessop & Sons Lid. 
di Sheffield. Al CNR che con la concessione di una borsa di studio ad uno di noi 
(O.M.) ha reso possibile tale permanenza al Direttore del BSA Research Centre 
Mr. D. A. Oxtver, M. Sc., F. Inst. P., F.1.M., al Capo di quel laboratorio spettro 
grafico Mr. K. Dixon gli AA. hanno il gradito dovere di esprimere il loro ringrazia 
mento. 

Va pure ricordato pel la collaborazione nella parte sperimentale il tecnico 
sig. C. Capozzo del nostro laboratorio. 


Appendice 

Per la presente ricerca sono state utilizzate le seguenti lastre ed eseguite le letture 
fotometriche a fianco indicate: 

11 IJliord T.F.H.T. con letture 

8 Ferrania Fotomeccaniche Normali con letture 

4 Ferrania Ortocrom. Speziali con letture 850 

3 Kodak B 10 con letture 777 

3 Gevaert Scientia 23 D 56 con letture 437 
; 


Iliord Zenith con letture 554 


32 5,745 


Sono stati tracciati 985 diagrammi in D/log 7 e 319 diagrammi in D/log]. Da 
queste misure ,,fondamentali“ sono state calcolate le diverse grandezze riportate 
nel testo come dettagliatamente indicato nel prospetto: 





} , ™ 
last Emulsione Numero Numero | Q j leolat 
1 lastra ; srandezze caicoiate 
N.° di lastra | di misure 





lliord T T. 7197 f (tabella 3) 
(tabella 6; Fig. 6, 9, 10) 
(tabella 6) 
7197 D YT (tabella 5) 
7197 D f y (tabella 7) 
7197 D ; (tabella 5) 
7197 D YI (tabella 7 
7298 ( ; log Ip) (tabella 
7298 C tot (tabella 
1 
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, 
Emulsione| Numero | Numero | 


| 
di misure 


Tipo di lastra Grandezze calcolate 


di lastra 





Ferrania Fotomeccani- 7699 { log Ire, (tabella 3 
che Normali 7699 5 0; (tabella 6, 
7699 f 2 Ctot (tabella 6) 
7699 j ovr (tabella 5) 
7699 s | Coy (tabella 7) 
7699 5 | aye (tabella 5) 
7699 OY] (tabella 7) 
| log Irey (tabella 4) 

Ctot (tabella 6) 





Ferrania Ortocrom. 33912 log I-ej (tabella 3) 
Speciali 33912 0; (tabella 
33912 Otot (tabella 
33912 ovr (tabella 5 
33912 ov (tabella 7 
33912 ovr (tabella 5 
33912 j ov] (tabella 7 
Kodak B 10 | SV 14M log Ire, (tabella 3 
SV 14M | : vor (tabella | 
SV14M| : y (tabella 7 
SV 14M | Y" (tabella 5 
SV 14M ; (tabella 
Gevaert Scientia 23D56 | 50348 E : | log Ire, (tabella 
50348 E : f Ooyr (tabella { 


77 
50348 E | : | oy (tabella 





Sommario 


Dopo una breve descrizione del metodo di taratura delle lastre fotografiche mediante una serie 
di righe spettrali tra loro omogenee, sono stati individuati ed esaminati diversi fattori che possono 
influenzare la determinazione dei valori di intensita relative. 

La costanza di taluni di questi fattori dipende dall’uniformita delle caratteristiche sensito- 
metriche, quella di altri dalla stabilita delle condizioni di eccitazione degli spettri; é@ percid 
possibile dedurre dei confronti tra lastre e generatori di diverso tipo. 

Per la presente ricerca si é fatto ricorso alla serie di righe Fe II utilizzate dal Sottocomitato 
della British Iron and Steel Research Association (BISRA). 

Sono state adoperate due distinte apparecchiature: la prima costituita da uno spettro- 
grafo Hilger E 492 e da un generatore Hilger; la seconda da uno spettrografo Zeiss Qu 24 e da 
un generatore Feussner. Le lastre esaminate appartengono ai tipi Ilford T.F.H.T., Ferrania 
Fotomeccanica Normale e Ortocromatica Speciale, Kodak B10 e Gevaert 23 D 56. 

La determinazione delle intensita relative risulta dipendere dal coefficiente p di ScHweErz- 
SCHILD, dalla disomogenita della gelatina, dalla non costanza del generatore e, per un’aliquota 
generalmente piccola, dall’errore fotometrico. L’influenza del coefficiente p é resa manifesta da 
misure di oy, mentre la disuniformita della lastra (o;) é espressa come scarto quadratico medio 
dalle rette medie dei valori didensita nel piano D/log T. L’errore fotometrico é valutato come 
scarto quadratico medio (o,), espresso in densita, in due serie di 20 letture di due righe a diversa 
densita. La variabilita del generatore (o,) 6 ricavata dalla oto, )o5 + of + oj nella quale 
il Ort & Ticavato dai diagrammi D/log J, esprimendo in A log I gli searti dei punti sperimentali 
dal diagramma. 

Di ognuna di queste cause di errore é possibile valutare, con l’ausilio di opportune rappre- 
sentazioni grafiche, il contributo all’errore analitico finale. 

Sono state infine stabilite le equazioni delle porzioni curve dei diagrammi D/log I e quelle 
relative alle operazioni di raddrizzamento di tali porzioni ai fini di una loro pid agevole utilizza- 
zione pratica. 
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Summary 


Plate calibration with a group of homologous lines gives more accurate results than the use of a 


step sector. Using two different source units and two spectrographs the effect of these on plate 
calibration curves for several different types of plate has been explored, the measurements 
made for this purpose are also statistically evaluated to give estimates of the variability due to 


the plate emulsion, to the spectral source, and to microphotometry. The importance of reci 


procity law failure and the use of algebraic transformations to extend the linear portions of 


calibration curves are also discussed with adequate data 
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Sulla unificazione nell’analisi spettrografica di acciai mediamente legati 
C. Rosst e R. Iytront! 


Lavoro in collaborazione del Centro Ricerche Spettrochimiche dell’ A.I.M Relazione a cura di 


C. Rossi e R. IntTonrtrt. 


Il presente lavoro é@ stato impostato e diretto da O. Mast dell’Istituto Scientifico 
Tecnico E. Breda (ISTEB) ed é stato eseguito in collaborazione con le seguenti 
persone ¢ Laboratori: 

Baxtp1, F. (Falck) 

D1 Gracomo, E. (Ass. Controllo Combustione ) 

FERRARESI, M. (ILVA-LOVERE) 

IntontTi, R. (Istituto Superiore di, Sanita) 

Masperi, D. e Devorti, A. (Ansaldo) 

MazzoLeNn!, C. ( Metallurgica Bresciana) 

Nuciari, T. (Istituto Sperimentale Metalli Leggeri) 

PANEBIANCO, B. (J.N.A. Mori) 

Parvati, V. (8.1.A.C.) 

Pastore, P. (FIAT Mirafiori ) 

PENNAVAJA, 8S. e Ascoui, V. (Istituto Sperimentale Ferrovie Stato) 

PEsTELLI, V. (FIAT SIMA) 

PorTALuPl, A. (RIV) 

Riva, F. e ScauiseE, M. (Alfa Romeo) 

Rosetta, 8. (FIAT Grandi Motori) 

SprInepDI, P. (Jstituto Metallurgia Universita Roma) 

Staccioui, G. e Simoncecui, M. V. (Ditta Staccioli Roma). 


La preparazione dei campioni é stata effettuata dai tecnici dell’ ISTEB. I 
{ossi ha curato, durante la sua permanenza all’ ISTEB e sotto la guida di O. Mast, 
l’elaborazione dei risultati sperimentali inviati dai singoli sperimentatori e Labora 
tori citati. 

La presente relazione che é frutto di un esame pitt approfondito dell’ingente 
massa dei dati raccolti é stata eseguita presso il Laboratorio di chimica dell’ Istituto 
Superiore di Sanita da C. Rosst in collaborazione con R. INTONTI. 


Introduzione 
Gli spettroscopisti che si occupano di analisi per emissione si sono generalmente for 
mati in laboratori industriali di controllo e percié é spesso mancato l’ambiente adatto 
per una loro completa formazione e per un’affinamento critico dei metodi di analisi. 
Inoltre mancanza in passato di Associazioni e di Riviste specializzate ha impedito 
un proficuo scambio di idee e di esperienze, cosicché, anche per semplici analisi 
isolate, ogni spettroscopista ha dovuto adattare, con un dispendioso lavoro di 
messa a punto, le poche norme fornite dalle Ditte costruttrici di apparecchiature. 
Inoltre, tra le tante difficolta continuamente da superare, c’é quella, essenziale per 
un metodo non assoluto, di procurarsi adatti campioni tarati. Negli ultimi anni 
percid nei vari Paesi in cui si era sviluppato l’uso della spettroscopia di emissione, 
sono sorte delle Associazioni che hanno in programma di risolvere le suddette 
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difficolta su piano nazionale e possibilmente su piano internazionale (BISRA; 

BNFMRA. Institute of Physics ed altre in Inghilterra; G.A.M.S. in Francia). 
E’appunto da una tale esigenza di collaborazione che é sorto il Centro Ricerche 

S pettochimiche in seno all’ Associazione Italiana di Metallurgia, ed il lavoro in oggetto 


é stato proprio quello che ha segnato I|’inizio della sua attivita, la costituzione formale 
del Centro essendo avvenuta a lavoro gia iniziato. Tale fatto. se é servito a dare fin 
al principio di collaborazione del Centro, ha costituito un 


dall’inizio concretezza 
Infatti mentre lo scopo di messa a punto 


wossibilmente vicini geograficamente), il desiderio dell’ ISTEB di servirsi del 


ratori (J 
una collaborazione su scala nazionale tra i laboratori di 


sudde tto lavoro pre ravviare 
lisi per emissione, ha portato ad allargare al massimo il numero dei partecipanti. 


anatil 
In conseguenza la parte organizzativa e di elaborazione é risultata appesantita 


e ritardata senza che la vasta mole dei dati sperimentali si prestasse a una rigorosa 


rattazione statistica. Infatti come si mostrera in seguito, tali risultati sono in parte 


ontrariamente a quanto si era sperato di ottenere con le norme fissate. 


Layoro preparatorio 


di analisi adottat 


presente lavoro risulta da una applicazione collettiva di una serie di norme sper! 


ie erano state precedentemente fissate dall’ ISTEB per costituire un metodo 


ittere industriale per l’analisi spettrografica di acciai a medio e basso 


elementi in llega 


he hanno determinato la scelta delle diverse prescrizioni sperimentali 


inl essenziall. 
 costituita da un generatore di alta tensione Heraus II 


to Wu 24 Ze ISS ¢ d un fotometro pel righe spettrali Ze 188 


Tal 


laborazione e stato esteso a tutti quel laboratori che possiedono tale 


a 


he Italia é la pit diffusa, riservando ad un programma suc 
altri tipi m condizioni corrispondenti. 


ty I if primario del trasformatore di alta tensione é stata tenuta 
i bassi di quelli normalmente previsti dalla Ditta, senza per altro dar luogo 
Per tensioni della rete di alimentazione di Volt 120, 145, 200, 220 


una scintilla pil intensa 
yme limiti di oscillazione della tensione di alimentazione si é fissato + 2%. 
Le varianti effettuate rispetto alle norme sperimentali consigliate dalla Zeiss 


4) risultano dalla tabella ] 


Le differenze maggiori si riscontrano nella adozione dell’elettrodo piano, del 


contro-elettrodo di alluminio e del filtro a tre gradini,e nelle manipolazioni foto 
grafiche 

Le ragioni di queste modifiche sono sostanzialmente di ordine pratico. Per 
esempio, l'uso dello elettrodo piano e del contro-elettrodo permette un’analisi rapida 
con campioni di qualsiasi forma e dimensione, purché offrano una superficie piana 
di scarica, sufficientemente estesa, senza d’altronde costituire di per se, come hanna 
dimostrato le misure di Térok (che ne ha per primo consigliato l’adozione) particolare 


motivo di errore 
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Sulla unificazione nell’analisi spettrografica di acciai mediamente legati 


Tabella 1. Indicazioni Zeiss AV 4 ed indicazioni ISTEB 





| 
Zeiss | ISTEB 


| aes — 


Barrette cilindriche | Elettrodo di acciaio: 
Forma degli elettrodi . . mm 3,5 spigoli | superf. piana — Controelettro- 
leggerm. arrotondati | do di Al: barretta cilindrica 
smm 3,5 
Distanza fra elettrodi . .. 2mm 0,9 mm 
Imagine intermedia... . 2900 A (96/302 id. 
Diaframma intermedio . . 2mm rettangolare 5 x 15 mm 
Fenditura spettrog. ... . | 0,020 mm 0,015 mm 
Diaframma spettrog. oar 
Eccitazione ....... | I2KV; C = 3000cm; 
L, = 800000 cm 
Prescarica nee eed 
PS 6 a ea ae l’ e 30” 
Lastre. .. ‘+e 48 Ferrania Fotomeccanica 
normale 
Es 6 eee ww oe | R22 Ferrania a 23°C 
tempo 1’ 30” 
Fissaggio . i es a eee F 1 Ferrania tempo 3’ 
Zeiss a tre gradini Trasparenze: 
luce bianca u.v. (2600—-3400 A) 
gradino 0 100 circa 100 circa 
gradino 1 20 circa 40 circa 
gradino 2 4 circa 15 circa 
Coppie analitiche: FeI 3399,3/Ni I 3414,8 
Fe II 2926,6/Mn II 2939,3 
Fel 2689,2/Cr II 2677,16 
Fel 2518,1/Si I 2516,1 
Le coppie analitiche del Ni e Si sono fotometrate nel gradino zero; quelle del Mn e Cr nel 
gradino 1. 


Filtro 





Per ciascuno dei quattro elementi si é scelto un gradino del filtro che permette, 
con i campioni e le modalita adottate, di ottenere annerimenti compresi nel tratto 
rettilineo della curva sensitometrica. 

Il materiale fotografico e le condizioni di sviluppo sono stati fissati in modo da 
ottenere un elevato contrasto. 

Come larghezza della fenditura di illuminazione del fotometro si é fissato 2 mm 
(da misurarsi sul piano della cella) perché con una minore é difficile centrare la riga 
sulla fenditura della cella fotoelettrica che é stata scelta uguale a 0,50 mm. 

Per altri dati costruttivi delle apparecchiature si é tenuto nota delle differenze 
eventualmente presentate, ma non si sono manifestate influenze apprezzabili. Per 
esempio la differenza tra fotometro di tipo normale e quello di tipo rapido influisce 
solo sulla comodita d’uso, perché per la parte ottica essi sono quasi uguali. 


Campioni tipo 


Composizione: le concentrazioni (tabella 2) sono state fissate in modo da potere con 
5 campioni costruire un diagramma utile per la maggior parte degli acciai a medio 
e basso contenuto di Ni, Cr, Mn, e Si. 


149 





C. Rossi e R. Iwrowrt! 


La percentuale totale degli elementi aggiunti é costante tranne che nella colata 7. 
Preparazione dei campioni: gli acciai tipo sono stati prodotti con un forno ad 
induzione da 15 kg con rivestimento in dolomite. La carica é stata effettuata con 
neofer e ferrolegh« L’acciaio @ stato colato in lingottiere di ghisa e lasciato 
raffreddare in esse. I! lingottino é stato fucinato al maglio da 500 kg con riscaldo 
a 1100°, a piattina di sezione 12 x30 mm e 
raffreddato sotto sabbia. I) prelevamento dei 
campioni noti ed incogniti é stato eseguito 


Tabe lla Z 


chimiche di 5 acciai tipo 





- Cre | Ni tagliando da ogni barra dei parallelepipedi 


155 | 1,15 | 1,03 Analisi chimica: I valori inizialmente comuni 


0.41 2480.60 °®1cati dall’ ISTEB (e poi corretti leggermente 
0,31 | 1,62 | 2,23 per alcune concentrazioni), sono stati confermati 
0,69 0,62 0,42 | 4,58 dalla media delle analisi chimiche eseguite da 


) 23 ) ) 19 0.3 ‘ 
se a "’5 altri laboratori. I valori riportati nella tabella 2 





sono quelli assunti come definitivi. 
Analisi metallografica: con i normali metodi di indagine non si é rilevata alcuna 
sensibile differenza strutturale tra i diversi campioni 


Parte sperimentale eseguita in collaborazione 


L’analisi spettrografica consisteva per ogni laboratorio nell’eseguire su una lastra 


tre spettri per ogni campione noto o incognito. Venivano riportate su carta con le 


due scale logaritmiche le medie di ciascuna terna di rapporti delle deviazioni gal 
vanometriche relative alla coppia di righe analitiche. Nel caso pero che |’oscillazione 
massima nella terna (cioé la differenza tra il rapporto maggiore ed il minore) fosse 
superiore al 10% della media della terna, questa non veniva utilizzata, e solo se 
si avevano due rapporti molti simili si utilizzava la media di questi due, ammettendo 
per l’altro un errore accidentale 

Note le concentrazioni chimiche, si costruiva il diagramma analitico e da questo 
si ricavavano le concentrazioni incognite 

A seconda che il laboratorio disponeva di porta-lastre da cm 6 x24 0 da 9 x24, 
esso ricevette quattro campion! ed una in ognita, oppure 5 ampionie tre incognite 

Dato il numero elevato (18) di laboratori partecipanti, ci si é in genere limitati 
alla esecuzione di tre lastre ciascuno 

Le lastre ed i contro-elettrodi di alluminio sono stati forniti dall’ ISTEB per 


garantire l’omogeneita del materiale. 


Revisione dei dati sperimentali e interpretazione dei risultati 

Controlli fotometrici: le lastre eseguite da ciascun laboratorio sono state rifotometrate 
dall ISTEB e poi dal laboratorio della Falck o dell’ Alfa Romeo 

Per le righe analitiche che apparivano troppo o troppo poco annerite sono state 
calcolate le densita 

I controlli fotometrici sono stati in genere eseguiti secondo le norme prefissate 
tranne alcuni casi in cui é stato necessario fotometrare una serie di righe in un gradino 
differente da quello prefissato per l’elemento in esame. 
Criteri di riporto grafico: si é trovato opportuno riportare i dati fotometrici originali 
e di primo e secondo controllo su un nuovo foglio di carta logaritmica, in modo che il 
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criterio di tracciamento del diagramma analitico fosse lo stesso per le tre fotometrie 
e per tutti i laboratori. Si é usata carta con una base logaritmica uguale a 20 cm. 

Va pero notato che il criterio di tracciamento dei diagrammi, importante se si 
deve costruire con pochi punti sperimentali un diagramma curvo, non ha grande 
influenza se si ottengono (come é possibile con le norme fissate) punti sperimentali 
che si collocano con dispersione normale molti vicini a diagrammi rettilinei. 


galvon. Fe/Me 


° 
Cy 
Ss 
Q 
— 
S 
a 


Fig. 1 


La retta analitica é stata tracciata in modo che le distanze da essa ai punti 
rappresentativi fossero le minori possibili e poco differenti tra loro. A titolo di 
esempio si riportano (Fig. 1 e 2) i quattro diagrammi analitici ricavati da una lastra 
di un laboratorio del gruppo: i punti racchiusi con un cerchietto indicano due valori 
sperimentali coincidenti. 


Tabella 3. Scarti medi percentuali tra valori spettrografici e chimici del Mn e Cr 
(Per quattro Laboratori con tre lastre ciascuno) 





} 
Ahoratori 
Laborat Media 


Elemento Lastre¢ 
gene ral 
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Trattazione statistica dei risultati: una trattazione statistica di tutti i risultati del 
lavoro non é possibile perché molti sono ancora affetti da evidenti errori sistematici. 
Per quelle analisi che non presentano tali errori si pud prendere come misura della 
dispersione dei risultati lo 


Tabella 4. Scarti medi percentuali tra valori spettrografici 
e chimici del Ni, Mn, Cr, Si 
Per quattro Laboratori con tre lastre ciascuno espresso in percentuale dell . 


scarto medio dei campioni-tipo 





elemento in esame, cioé la 


Medi media degli scarti percentuali 


generale 


dei valori spettrografici da 
quelli chimici 

Si ottengono in tal caso 
valori vicini a quelli trovati 
dallo ISTEB nel lavoro di 
messa a punto del metodo, cioé 
circa 3% per il Mn ed il Cr, e 
5% per il Ni ed il Si. 

Nella tabella 3 sono riportati 
gli errori medi percentuali, per 
il Mn ed il Cr, di quattro labora 








tori (con tre lastre ciascuno). 
Nella tabella 4 sono riportati 
gli errori medi percentuali per 
il Ni, Mn, Cr e Si, di altri tre 
laboratori 
A titolo indicativo sono in 
vece riportati nella tabella 5 





gli scarti percentuali per il Mn 
ed il Cr, di tutti gli altri labora 
tori. Tali scarti sono conseguenza di errori sistematici che risultano generalmente 





evidenti esaminando i relativi dati fotometrici ed i diagrammi analitici. Non sono 
invece riportati gli scarti percentuali del Ni e del Si nei casi ove erano evidenti 
errori sistematici dovuti a cause di cui si riferisce nel successivo paragrafo. 


Tahbel V edi« per tre lastre degli scarti pe reentuali tra valori spettrografici e chimici del Mn e Cr 
(Per undici Laboratori) 





Lahborator 
Element 
Xi Xil XJil . ; , XVI XVII XVIII 





Principali cause di errore riscontrate 
(a) Limiti di ris posta rettilinea della lastra 


La necessita di escludere valori di densité D(= log A,/A) inferiori a 0,5 e di conside 
rare critici i valori tra 0,5 e 0,7 si rivela in numerosi casi. Per esempio la riga ana 
litica del Si del campione con 0,10% Si anche con densita 0,6 circa, da luogo ad 
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un rapporto Fe/Si, maggiore del normale, provocando quindi una flessione del 
diagramma analitico con concavita verso l’alto. 

Nella tabella 6 cid si mostra numericamente con dati ricavati da quattro lastre. 
Nella prima colonna sono i valori medi dell’annerimento della riga analitica del Si 
(media della terna di spettri) nella seconda colonna sono i valori dei rapporti 
di deviazione che si otterrebbero per la suddetta concentrazione assumendo un 
diagramma rettilineo. Nella terza colonna sono i rapporti delle deviazioni trovati 


(media della terna relativa ad uno Tabella 7. Rapporti di deviazioni relativi a tre 


stesso campione). campioni 1,03% Ni spettrografati sulla stessa lastra. 
Insufficienza di annerimento nel gradino 0 della 


Tabella 6. Rapporti di deviazioni inter : . 
riga analitica di riferimento (Fe) 


polati e trovati per campioni con 0,10% 
Si. Insufficienza dell’annerimento Ds; 








D¥e Rapporto delle deviazioni 


Rapporto di deviazioni aameen mane - — — 
Dg; aie poe Trovato 


interpolato | trovato grad. 0 grad. 1 |Interpolato 


—_+——_——__—_— 


grad. 1 





0,60 0,24 0,37 

0,55 0,33 0,49 0,31 | / ,f 2,33 
0,53 0,21 0,31 0,36 ; 5E 3 | 2,56 
0,62 | 0,18 0,26 0,34 f 2 5i 2.55 





Nella tabella 7 si vede come un campione pud presentare incidentalmente una 
riga analitica di riferimento (Fe) troppo debole, se fotometrata nel gradino pre- 
scritto, per cui il rapporto trovato é minore di quello calcolato assumendo il diagram- 
ma come rettilineo. 


(b) Misure fotometriche 
Si puo dire in generale che con una fotometria accurata parecchi risultati sono miglio- 
rati. 


(c) Cause di errore accidentale 

Numerose cause di errore possono intervenire accidentalmente ed alterare note 
volmente i risultati analitici. Se esse influiscono solo su qualche incognita é ben 
difficile rivelarle. 

Un parzialo controllo é quello di esaminare la costanza dei rapportidelle deviazioni 
nella terna di spettri che, secondo le norme fissate, si eseguiscono per ogni campione. 
Una differenza tra il rapporto maggiore ed il minore, superiore al 10% della media 
della terna, é indice di un risultato molto sospetto. 

Per esempio per il campione Si 0,31 % si é trovata una terna in cui i rapporti 
decrescono cosi: 0,69 — 0,62 — 0,58. Analogamente si comporta sulla stessa lastra 
il campione con 0,62%, Si. 

In questi casi si nota che la scarica non si é ancora stabilizzata, ma tende a farlo, 
cosicché il rapporto tende al valore corrispondente al diagramma rettilineo. Altre 
volte invece la variazione del rapporto non é monotona e percié la causa é di natura 
accidentale. 

Conclusioni 
1. L’omogeneita tra i campioni di una stessa colata é confermata dall’assenza di cam 
pioni che scartano in modo costante, e dal fatto che lo scambio dei campioni tra alcuni 
laboratori non ha rilevato alcuna differenza entro i limiti di sensibilita del- l’analisi. 


15¢ 





C. Ross e R. Iwront! 


2. Per ottenere diagrammi analitici rettilinei per questo tipo di lastre si é messa 
in evidenza la necessita di utilizzare annerimenti superiori a 0,6. 

3. Riproducibilita delle condizioni sperimentali 

E’da notare che ne! presente lavoro si sono avuti da alcuni laboratori annerimenti 
per una stessa riga fino a 10 volte quelli ottenuti da altri laboratori (vedi tabella 8). 


Tabella & innerimento della riga Fe II 2926,6 misurato su una lastra (al gradino 1) di ciascun 


Laboratorio 





Laboratori X XIII Vil X VI XII 1X 


Densita 56 0,61 0,66 0,66 0.67 0,70 








XI\ XVII | XVIII 


0.75 0.90 0.92 





Tale fatto unito a quello dei differenti valori avuti per il rapporto di annerimento 
tra una riga di scintilla ed una di arco (Fe II 3077,17/Fe I 3075,72) e alle differenti 
pendenze per i diagrammi analitici, ottenuti nei vari laboratori (vedi tabella 9), 
indica che sussistevano in essi differenze nelle condizioni sperimentali le cui cause 
non sono state completamente identificate 

Particolarmente significative in tal senso sono le tabelle 10 e 11, in cui sono 
riportate le concentrazioni indici (cioé le concentrazioni corrispondenti ad un 
rapporto di annerimenti della coppia analitica uguale all’unita). Le lastre a cui si 


riferiscono i suddetti valori sono le stesse delle tabelle 3 e 4 


Si rileva che le concentrazioni indici di tali lastre, pur essendo queste regolari 
medi, differiscono sensibilmente da un laboratorio all’altro. Poiché 
concentrazioni indici non vengono pit ad influire le modalita dello sviluppo 


fotometria. risulta chiaro che sussistevano diversita sistematiche nella ecci 


pero notato che tali punti indici quando cadono ad un estremo del diagramma 

analitico possono essere affetti da un sensibile errore di costruzione 

4. Limiti di composizione. Alla notevole ampiezza dell’intervallo in cui sono 
comprese le composizioni dei campioni é riferibile la difficolta di ottenere risultati 
regolari da parte dei differenti laboratori. Uno dei motivi é che questi, pur con le 
norme comuni, hanno ottenuto difficilmente annerimenti uguali. Infatti, con le 
pendenze comunemente ottenute per i diagrammi analitici, l’intervallo di anneri 
mento 0,3—1,.7 permetteva, medianté l’uso dei due gradini, di raccogliere sudiagram 
ma analitici rettilinei le concentrazioni estreme dei quattro elementi contenute 
nella serie dei campionl 

Per avere pero la certezza della riproducibilita dei risultati si é successivamente 
rilevata la necessita di portare ad oltre 0,6 l'annerimento minimo; si viene percio 
a limitare sensibilmente |intervallo di oscillazioni degli annerimenti compatibili 
con l’esattezza dei risultati analitici 

Un’altra difficolta provocata dall’'ampiezza degli intervalli di concentrazione 
é l'uso di rapporti di annerimenti delle coppie analitiche molto lontani dall’unita 
é evidente che su tali rapporti le irregolarita sensitometriche e fotometriche hanno 


maggiore influenza 
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Tabella 10. Concentrazioni indici per il Mn ed il Cr e rispettivt intervalli di concentrazione della 
serie di campioni 
(Per quattro Laboratori con tre lastre ciascuno) 


7 





Laboratori Media Intervalli di 
Lastra | , r x — we concentrazione 
, generc 
Il wm} ay ; °, 


| 
Elemento | 

| 

| 
= a —_ 





a) | 1,04 1,05 1,00 0,93 
b) 1,09 1,03 1,08 1,00 
c) 1,10 1,05 1,07 0,97 
Media 108 | 1,04 | 1,05 | 0,97 1,03 | 0,23 


." 





| 0,36 | 0,35 | 0,39 | 0,38 
| 0.39 | 0.38 | 0,38 | 0,37 
0,37 0,35 0,37 0,38 
| Media | 0,37 | 0,36 | 0,38 | 0,38 0,37 0,19= 2,48 


= = i i 





Nella tabella 11 sono riportate le concentrazioni corrispondenti ai punti indici 
e gli intervalli di concentrazione della serie dei campioni. 
Tabella 11. Concentrazioni indici per il Ni, Mn, Cr, Si e rispettivi intervalli di concentrazione 


della serie di campioni 
(Per tre Laboratori con tre lastre ciascuno) 





Laboratori Media | Intervalli di 


Elemento Lastra |} , T —_—_—_—_— concentraziont 
generale 


Vv | vi | Vu °, 


0,41 
0,40 
0,38 


a) | 0,35 
b) | 0,37 
Cc) 0,40 


Media 0,37 0,40 





a) 0,97 0,96 0,98 
b) 0.95 0,94 0,98 
c) 0,95 0,96 | 0,99 


Media 0,95 0,95 0,98 





0,37 | 0,37 0,37 
0,36 0.35 0,36 
0,37 0,37 | 0,39 


0,37 0,37 0,37 





0,98 d 0,99 
0,96 li 1,07 
0,98 : 1,00 
0,97 it 1,02 | 104 | 0,10+1,55 


i 





Si nota che a causa della notevole ampiezza di tali intervalli le concentrazioni 
pit: elevate del Ni e le pit: basse del Si sono lontane da quelle indici, ed é proprio 
per tali concentrazioni che si lamentano in genere maggiori error. 

5. Gli scarti percentuali medi nelle suddette condizioni sperimentali e per i tipi 
di acciai mediamente legati, sono dell’ordine del 3% per il Mn e per il Cre del 5% 
per il Nied il Si. 
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Sulla unificazione nell’analisi spettrografica di acciai mediamente legati 


In conclusione dall’elaborazione dei risultati del presente lavoro in collaborazione, 
sembra confermata la convenienza di alcune modalita proposte e cioé l’elettrodo 
a superficie piana, il contro-elettrodo di alluminio, la distanza tra gli elettrodi 
prescritta, le lastre fotomeccaniche normali e lo sviluppo a forte contrasto 


Con l’esperienza acquisita in questo primo lavoro in collaborazione e tenendo 
presente le difficolta incontrate, si sta ora preparando a cura del Centro un secondo 
programma per definire i particolari del metodo da consigliare per |’analisi spettro 


grafica di acciai mediamente legati. 


Riassunto 
Si esamina l’aspetto generale della collaborazione fra spettrografisti e le realizzazioni 
che ne possono derivare. 

Si accenna ai criteri con i quali presso |’ ISTEB si sono scelte le condizioni di 
analisi e preparati i campioni tipo. Si descrive quindi il lavoro svolto in collabora 
zione e come sia stata eseguita la revisione dei dati sperimentali e l’interpretazione 
dei risultati. 

Si illustrano le principali cause di errori riscontrate, con particolare riguardo alla 
risposta rettilinea o meno delle lastre. 

Si dimostra l’omogeneita de icampioni-tipo usati, si fanno notare le difficolta 
che sorgono nell’eseguire l’analisi con un solo diagramma per intervalli di concen 
trazioni cosi ampi come quelli fissati. 

Si conferma la convenienza di adottare le modalita proposte ed in particolare 
l’elettrodo a superficie piana, l’uso del contro elettrodo di alluminio, la distanza tra 
gli elettrodi prescritta, l’uso del filtro a gradini e lo sviluppo a forte contrasto; inoltre 
si érilevato | opportunita di considerare utilizzabili valori di annerimento non inferiori 
a 0,6 per le lastre adottate. 

Gli scarti percentuali nelle suddette condizioni sperimentali e per i tipi di acciai 
mediamente legati, sono dell’ordine del 3% per il Mn e per il Cr e del 5% per il Ni 
ed il Si. 


Summary 


Summarising some of the results of a collaborative comparison of spectrographic results for the 
analysis of low alloy steels by eighteen laboratories the advantages of this type of work are 
described. The principal causes of error are discussed, with particular reference to the photo 
graphic conditions. The samples compared were found to be of satisfactory homogeneity, and 
the method of sparking flat discs with a counter-electrode of aluminium was approved. Calibra 
tion with a step-wedge and very contrasty development is also recommended. Standard devia 
tion within laboratories of the order of 3% for Mn and Cr and 5% for Ni and Si were obtained. 
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Metodi di analisi spettrografica quantitativa con spettrografo Hilger E 492 


G. ZANINI 


Nel presente lavoro vengono esposti i risultati ottenuti dal Laboratorio Spettro 
grafico della F1AT —Ferriere Piemontesi mediante lo spettrografo Hilger E 492, 
in relazione alla tecnica impiegata per l’analisi quantitativa dei prodotti siderurgici 
fabbricati 


Attrezzatura 

L’attrezzatura cui ci riferiamo comprends 

uno spettrografo Hilger E 492 

un alimentatore per scintilla condensata Hilger 

una batteria di accumulatori per alimentazione d’arco 

un densitometro Hilger fotoelettrico 

un comparatore di spettri tipo Judd Lewis 

un proiettore a 20 per | osservazione delle lastre 


una sega a mola a disco per il taglio rapido dei campioni sotto forte getto d’acqua 
refrigerants 


una camera oscura per ll processo fotografico 


Lo Spettrografo Hilger E 492, un Littrow autocollimatore in quarzo a grande dispersione, 
ha una distanza focale fp 1700 mm, prisma di apertura 93 x 56 mm, obbiettivo di diametro 
75mm, apertura relativa 1/22. Il campo di registrazione va da 1910 a 8000 A con lunghezza 
corrispondente di spettro di 670 mm 
L’alimentatore per scintilla condensata Hilger ha una tensione di uscita di 8—15 KV, 
pacita di 5uF, induttanza variabile a gradini di 0,05—0,25—0,43—0,6—1 wH. 
L’alimentatore per arco comprende una batteria di accumulatori a 280 V con resistenze 
per ia regoiazione della corrente d’arco da la S&A 
Il Densitometro (fotometro) Hilger lavora a 7 ingrandimenti su cella fotoelettrica al Se, 
la lettura galvanometrica dell’opacita si fa su scala lunga 500 mm. 


In seguito alle forti oscillazioni locali della tensione di rete, dovute alla presenza 


di grossi forni elettrici ad arco, per alimentare il trasformatore dell’alimentatore 
per scintilla condensata é stato installato un regolatore automatico che fornisce 
120 V regolati. Recentemente, dallo stesso regolatore, é stata derivata anche 
lalimentazione della lampada del densitometro (6 V, 5A sottovoltata), e si é 
livellata ulteriormente la corrente mediante un regolatore a tubi a ferro-idrogeno, 


di nostra costruzione. In questo modo, con ottimi risultati, abbiamo potuto eli 
minare la batteria di accumulatori 


Impostazione e sviluppo del lavoro 


Si é incominciato con la determinazione degli elementi Mn, Si e Cr, adottando 
le coppie di linee Fe 2926,58/Mn 2939,31 ; Fe 2518,11/Si2516,12; Fe 2689,21/Cr 2677, 16; 
e lavorando nelle seguenti condizioni 


Forma degli elettrodi cilindrica @ 4mm, a testa plana 
Distanza tra gli elettrodi 3 mm 

Larghezza della fenditura 0,075 mm 

Tensione di scarica lO KY 

Capacita : 5 uF 

Induttanza . 0,25 mH 

Prescintillamento 30 sec 
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Esposizione . . -— . . « 1 min 30sec 

Lastre . . Ferrania fotomeccaniche norm. orto 
tivelatore — Ferrania R 12, dil. 1/4, 18 °C, 6 min 
Altezza dello spettro 1 mm 

N.° di spettrogr. per lastra. 36 


I risultati conseguiti con questo motodo sono i seguenti: 
Mn: tenori da 0,40 a 1.50%, scarto medio 8% 


Si: tenori da 0,15 a 0.85%, 


Cr: tenori da 0,50.a 1.50%, scarto medio 8 


scarto medio 15% 


% ; con tenori inferiori a 0,50 si avevano 
delle fortissime irregolarita. 
Questi scarti sono stati determinati con campioni tarati Fuess, nei seguenti inter- 


valli di composizione : . 
Mn 0,50—1,93 % 


Si 0,27-——0,32 % 
Cr 0,22—1,41% 
e con un campione contenente Si 0,18% di nostra fabbricazione. 

In seguito il nostro studio é stato esteso alle determinazioni quantitative del 
Ni e del Cu, utilizzando le seguenti coppie di linee: Fe 3428,18/Ni 3414,77; 
Fe’3165,45/Cu 3273.96. 

Contemporaneamente le lastra Ferrania fotomeccaniche normali orto sono 
state sostituite con le lastre Ferrania ortocromatiche antialo extra-rapide a basso 
contrasto, ed adottato il rivelatore Ferrania R 10 (rivelatore morbido al borace), 
diluito, per abbassare ulteriormente il gamma. 

Con i nuovi campioni tarati, con le lastre pitt sensibili, sviluppate con il rivelatore 
morbido, e con l’estensione della taratura per i bassi tenori, mantenendo invariate 
tutte le altre condizioni dello spettrografo, si sono ottenuti dei risultati pit: che 
soddisfacenti, quando non intervenivano delle oscillazioni di tensione. 

Per ovviare a questo inconveniente, si é ricorso ad un regolatore di tensione, 
costruito dalle Costruzioni Elettromeccaniche Lombarde, e costituito da un tras- 
formatore da 5 KVA, con nucleo a traferro automaticamente variabile. II dis- 
positivo alimentato dalla rete industriale a 500 V, fornisce una tensione regolata 
di 120V +1V, con variazioni sulla tensione primaria fino a + 20%. 

I risultati conseguiti in queste condizioni risultarono molto pit regolari. 


Metodo del provino a superficie piana e controelettrodo di alluminio 

Allo scopo di rendere pit: facile la preparazione dei campioni a superficie piana, 
recentemente é stata acquistata una speciale mola da taglio con questa é possibile 
tagliare rapidamente mediante una mola élastica azionata da un motore di 3 HP e 
sotto raffreddamento energico di getti d’acqua, barre fino al diametro di 90 mm. 

Staccando il campione con due tagli successivi a distanza costante (ad es. 10 mm), 
si ottengono dei provini con due facce parallele equidistanti, utilizzabili rispettiva- 
mente come sede di appogio sulla calamita e come faccia di analisi. Quest’ultima 
faccia viene ulteriormente spianata passandola rapidamente prima su mola a grana 
fine, poi su carta abrasiva 1 G. 

L’analisi spettrografica dei campioni a superficie piana e controelettrodo di 
alluminio viene quindi eseguita nelle seguenti condizioni: 
Forma del campione ............. . altezza 10mm 

lunghezza 10—-15 mm 


larghezza 30—40 mm 
Controelettrodo ........ +... . . . ». Alluminio 99,99%, 24mm 
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Distanza tra gli elettrodi 
Alimentazione del generatore 
Induttanza 

Esposizione 

Lastra 


Rivelators 


Alimentazior 


Line spettrall 


i < OM PpOsizZ10!1 e degli ele ttrodi « ampione 


Gli altri dati sono stati mantenuti invariati 


1 mm 

120 V regolati LV 

0.06 aH 

lmin 30 sec 

Ferrania orto anti-alo extra rapida 
Ferrania R 10 dil. 1:2,5 18 °C, 6 min 
30 sec 

Accumulatori a circa 6 V, oppure ali 
mentazione in alternata con regolatore 
1 120 V, trasformatore a bassa tensione 
e regolatore a ferro-idrogeno a circa 4 A 
Fe 2926.58 Mn 2939,31 

Fe 2518,11 Si 2516.12 

Fe 3428,18 Ni 3414,77 

Fe 2689,21 2677,16 

Fe 3175,45 3273.96 

Mn 0,37 

Si O15 

Ni 0,25 

Cr 0,08 


Cu 0,17 


Questa tecnica é stata da noi adottata come metodo di analisi spettrografica 


corrente dopo una lunga serie di prove tendenti ad accertare sia la riproducibilita, 


sia l’esattezza dei risultati 


Nella seguente tabella. a titolo di esempio, é riportato un confronto fra i valori 


risultati all’analisi chimica e quelli ottenuti all’analisi spettrografica, ripetuta 4 volte 


per lastra e su due lastre in epoca diversa 
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Nell’applicazione del metodo all’analisi corrente di esercizio si riscontrano, 
com’é ovvio, degli scarti precentuali diversi a seconda del tenore dell’elemento 
contenuto. 

Nel prospetto che segue sono riportati gli scarti percentuali dell’analisi spettro- 
grafica di serie rispetto all’analisi chimica ottenuti sulle prime 100 determinazioni 
a partire dal gennaio del corrente anno, calcolati sia per gli intervalli complessivi, 
sia per gli intervalli parziali dei tenori dei vari elementi. Mettiamo in evidenza che 
i risultati sono quelli ottenuti eseguendo un solo spettrogramma per ogni campione. 





Scarti % dell’analisi spettrogratica rispetto all’analisi chimica 


Ele = ~ T 


Tenore complessivo Tenori parziali 
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Limiti Scarto % Lamiti Scarto % Limits Scarto % Limiti Scarto “ 


0,20 5 L §.15 | 0,20—0,40 + §.30 | 0,40—0,90 4,90 0,90 6 + 3,70 
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0,20 : + 10,40 0,20 —0,50 + 15,00 0,50 1.00 L. 5.30 1.00 tL 4.60 
0,08 5 5,40 | 0,08—-0,35 t 8.10 | 0.35—1,00 5,05 1,00 + 3,10 


0,10 L 8.30 
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Giudicando le differenze non in %, ma a punti, come é d’uso per l’analisi chimica, 
risulta evidente che i risultati ottenuti con |’analisi spettrografica, anche per i 
valori bassi, sono accettabili. 

I dati riportati si riferiscono a barrette grezze di colata. Abbiamo pero constatato 
che le medesime barrette allo stato ricotto danno risultati leggermente migliori. 
Questo trattamento termico normalmente non viene effettuato per non influire 
sulla durata dell’analisi. 

I 30 secondi di prescintillamento sono stati scelti come compromesso tra il 
tempo necessario per stabilizzare i] Mn e la necessita di non alterare il risultato del Cr. 

A completamento del metodo sopra riferito, ed a titolo orientativo, diamo in 
appresso i tempi relativi ad ogni gruppo di operazioni impiegati per |’analisi di 
30 campioni e dei campioni tarati contenuti in una sola lastra, determinando 
5 elementi per campione. 

Preparazione di 30 campioni. , : circa ore 

Esposizione per 36 spettrogrammi, sviluppo e fissaggio lastra . . circa ore 

Lettura al densitometro di 5 elementi per ogni spettrogramma, 

compresa la correzione della trasparenza del fondo lastra per ogni lettura circa ore 


Calcoli e costruzione della curva di taratura . ; . . Circa ore 





Totale circa ore 7} 


La determinazione di 150 elementi richiede quindi circa 74 ore-uomo di lavoro, 
corrispondenti a circa 3 minuti per elemento 

Questo modo operativo é stato da noi adottato in quanto lo spettrografo attual 
mente non é destinato a determinazioni rapide per |’acciaieria, ma al controllo 
delle analisi eseguite dal laboratorio chimico dell’acciaieria ed al collaudo finale 


dell’acciaio. 
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G. Zantxt: Metodi di analisi spettrografica quantitativa con spettrograto Hilger E 492 


Prima di chiudere questa breve relazione desidero ringraziare la Direzione 
della FLAT —Ferriere Piemontesi per la cortese autorizzazione alla divulgazione dei 
dati riferiti, e ricordare l’assistenza data per questi studi dal Sig. Umperto Rust! 
CHELLI, Capo Servizio ¢ ollaudi, nonché l’opera svolta dal Sig. Vincenzo Garp! 


Capo Laboratorio Metallografico, e dai suoi Colla boratori per l’impostazione e la 


messa a punto dei procedimenti 


Summary 


Using a quartz spectrograph of large dispersion, the only Hilger E 492 in Italy, routine analysis 
of steel was established by the spark method. After trying out cylindrical electrodes for som: 
time, a change was made to flat surface sparking with a pure Al counter-electrode and this gav« 
more reproducible results; the sparking conditions were also altered. By using a low-contrast 
plate and developer the linear portion of the calibration line was usefully extended 
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Le caleul spectrographique a l’aide de nomogrammes 


W. PASVEER 


Ma conférence d’aujourd’hui représente un condensé d’une conférence faite en Juin 
dernier au Congrés du GAMS a Paris. Son but consiste a vous démontrer que les 
caleuls spectrographiques peuvent étre faits avec certaine restriction, 4 l’aide de 
nomogrammes & points alignés, au lieu de se servir des courbes habituelles. 


Quelques notions fondamentales de la nomographie 
| existe deux facons essentiellement différentes de représenter graphiquement des 


fonctions entre variables: 


RESEAUX ABAQUES 








une valeur par une ligne numérotée par un point numéroté 


couple de par le point d’intersection par une droite reliant 
valeurs de 2 lignes numérotées 2 points numérotés 


par une GERBE de lignes par une ECHELLE de 


une variable numérotées points numérotés 

par deux GERBES par deux ECHELLES 

deux variables formant RESEAU formant ABAQUE 
linéaire fonctionnel linéaires fonctionnelles 


| ———4 


fonction entre COURBE DROITE COURBE de POINT 


2 variables d’intersection | d’intersection tangence d’ intersection 


fonction entre GERBE de GERBE de GERBE de 
3 variables COURBES DROITES COURBES 


ECHELLE 


Fig. 1. (a) & l'aide de courbes tracées sur un réseau. 


(b) & l'aide de nomogrammes & points alignés. 


Je suppose comme connue, la procédure de la transformation d’une courbe 
en nomogramme, qui en somme, n'est pas autre chose que l’application de la géo- 


métrie projective. 


L’anamor phos 
Lorsqu’on choisit judicieusement des réseaux fonctionnels ou des échelles fonctionel- 
les on améliore notablement la simplicité de la représentation. Les courbes tracées 
sur les réseaux se trouvent rectifiées et deviennent des droites. Ce procédé s’appelle 
l’‘anamorphose. Dans le cas des nomogrammes 4 points alignés, l’amélioration est 
encore plus notable car les courbes de tangence se réduisent a des points. 

Pour vous illustrer ce phénoméne, je vous montre 4 fois la fonction simple: 
y -= x*, deux fois sur réseau, et deux fois sur nomogramme, avec et sans anamorphose. 
Fig. 2, 3, 4, 5.) 

Pour vous illustrer une fonction entre trois variables, je vous montre, 4 présenta- 
tions différentes de la loi d’Ohm. 





W. PasvEER 


L’anamorphose de la courbe de calibrage d'une émulsion 

L’application de la nomographie au calcul spectrographique est intimement liée au 
probléme de la rectification de la courbe de calibrage de |’émulsion photographique. 
Les travaux de SEmDEL et de KaIsER, nous montrent un chemin qui conduira 


RESEAU LINEAIRE RESEAU FONCTIONNEL 
—] ET COURBE 0 ET DROITE }-. 
] D' INTERSECTION —f - Tn 


| TTTTTTTT 
| Lh 
lt 


aad that ata lhl 





Seeeceessssseee 
i | 


—4$—4-— 4 +44 + 4+ -+ 
j 


x< 


Fig. 2 


DEUX ECHELLES 
0-4 LINEAIRES : xX DEUX ECHELLES 
ET COURBE DE/C 4-5 FONCTIONNELLES 
4 . TANGENCE eT POINT 
D INTERSECTION 


Fig. 4 


& l'avenir, & la meilleure rectification de la courbe de calibrage. Pour la simplicité 
je me borne ici, & considérer l’usage de la densité transformée d’aprés SEIDEL, 
comme la méthode la plus élégante de rectification de la courbe de calibrage. Cette 
densité transformée se définit comme le logarithme décimal de |’(opacité—1). 

Lorsque vous travaillez avec un microphotomeétre, dans lequel le spot du galvano- 
métre se déplace sur une régle, il est recommandable de faire soi-méme une échelle 
graduée directement en densité SEIDEL. La Fig. 10 vous montre comment une telle 
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Le calcul spectrographique a l'aide de nomogrammes 


échelle se développe 4 partir d’une échelle millimétrique. Une telle échelle est 
symétrique par rapport au point milieu qui porte le chiffre zéro. Les fortes densités 


ont le signe positif, les faibles densités sont de signe négatif. 


RESEAU LINEAIRE 
ET GERBE DE CouURRES 
(LO! D'OHM) 


RESEAU FONCTIONNEL 
ET GERBE DE DROITES 
(LO! D'OHM ) 





TROIS ECHELLES 
FONCTIONNELLES 
(LO! D'OHM) 


5— 


— 


| r i i 
eae ae ee = 


(LO! D'OHM) 
\ 10 10—- 


Fig. 8 9) AMP Fig. 9 


ro) 


> 
< 
v 


Ceci est une particularité a laquelle il faut s’ habituer au début, mais qui ne pré- 


sente pas un inconvenient. 


L’application de la nomographie au calcul spectrographique 
Les Fig. 11, 12, 13, montrent comment on transforme l'image classique de la courbe 
de calibrage en nomogramme a points alignés, et vous pouvez constater que la 
courbe de calibrage se réduit 4 un seul point. 
La droite de dosage 
Sous réserve toutefois que la courbe de dosage est assimilable a une droite, nous 
pouvons remplacer la Fig.14 par le nomogramme de la Fig. 15, en réduisant cette 
droite 4 un seul point que j’appelle par conséquent: point de dosage. 
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nomogrammes | ig. 13 et 15. on obtic nt un nomogramme 


16, qui nous montre la chaine des opérations 
ffectuez habituellement a l’aide de courbes 


le calibrage d’une plaque se réduit a trouver | 
mogramme Pour cela il suffit d’aligner deux ou 
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reperes d inter . densités transformées correspondantes. Le point 
ction indiquera le nive% du point caracteristique 
aracteristl itif est obtenu en de placant le point trouve « ides 


sus paralléllement aux deux échelles jusqu’a ce qu’il se trouve sur la ligne perpendi 


Le procédé pour trouver le point de 


dosage est analogue On utilise échelle des 
intensites 


omme échelle de rapport d'intensite ou (ce qui revient au méme 


une échelle de 4 log / 


Il suffit d’aligner les valeurs de 


, COmme 


concentration d’au moins deux étalons avec les 
rapports d’intensités correspondantes poul obtenir le niveau du point de dosage 


En alignant maintenant le rapport d’intensité égal a l’unité avec le point de dosag¢ 


concentration du point unique Cu. Par la suite on se sert 


d’un point définitif de dosage sur le méme niveau situé sur la ligne perpendiculaire 
aux deux échelles 


trouvé on aboutit a la 


Cette ligne joint les points intensite l et concentration l. L’ échelle des 
concentration se transforme ainsi automatiquement en échelle de rapport de con 
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Le calcul spectrographique a l’aide de nomogrammes 


centration. Pour trouver la concentration inconnue Cx, il suffit maintenant de 
connaitre la concentration au point unique Cu et de trouver a l’aide du nomogramme 
le rapport des concentrations Cx/Cu que l|’on obtient par l’alignement d’un rapport 
RESEAU d/logI 

“aa iar FOND CONTINU 

d= log opacite” 


da +e, 





























ABAQUE D/logI 
CORRECTION FOND CONTINU 








2 


Fig. 13. 


d’intensité I ,/I, (A et B étant les indices des éléments d’addition et de base), et, le 
point définitif de dosage. 

La derniére phase du calcul se fait, soit a l’aide d’une régle a calculer. soit en 
se servant d’une petite réglette portant une échelle de concentration sur laquelle 
on a marqué par un repére visible la concentration au point unique dont on dispose. 
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W. PASVEER 


RESEAU AlogI /alog ( ABAQgUE AlogI /AlogC 
ET DROITE DE DOSAGI AVEC POINT DE DOSAGE 


AlogI +. O - 


—=—* 
Slog I 
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Fig. 14. 
DENSITE SEIDEL 


So = 
Da+F, Das, * 1 Dr, DF, 
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f= Point ‘ 
caracteristique 
~ dela plaque 
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Le calcul spec trographique a l'aide de nomogrammes 


Lorsque la droite de dosage n’est plus une droite on peut faire une réglette spéciale 


graduée d’aprés les résultats expérimentaux. 

Pour finir je vous montre un nomogramme complet * permettant de calibrer 
la plaque d’aprés la méthode de CuurcuitL. Dans ce but, j’ai rajouté un troisiéme 
nomogramme qui représente la courbe préliminaire. 

D’aprés les résultats expérimentaux de Scumipt, (Rec. Trav. Chim. Pays-Bas. 
T 67. Nov. 1948. P. 737-744) la courbe préliminaire est sensiblement une droite 
lorsqu’on se sert des densités Serpe. Ceci fut vérifié par lui en dessous de 3200 A 
entre les niveaux de densités classiques de 0,1 et de 2,0. 

Lorsque la pente de la courbe préliminaire rectifiée est de 45°, la courbe de cali- 
brage est aussi droite et le raisonnement de tout a l’heure reste valable. 

Si par contre, la pente de la courbe préliminaire différe de 45°, la courbe de 
calibrage reste légérement courbée malgré l'utilisation de la densité d’aprés SEIDEL 
Cette courbure donne naissance a une échelle non-linéaire de Log. I lorsqu’on la 
projette sur l’échelle des densités SerpeL. Pour compenser cet effet, il convient 
d’incliner |’échelle des densités SzrmpEL. Aprés quelques tatonnements on trouve 
une position qui réalise une bonne linéarité entre les densités SEmDEL d’une part, 
et les Log. I d’autre part. 

A partir de ce moment on se sert du nomogramme comme décrit au début de 
cette conférence. 

J’espére que cette communication vous apportera quelques idées susceptibles 


d’alléger votre travail. 


Résumé 


On démontre qu’il est possible de réaliser des nomogrammes A points alignés remplacant 
avantageusement les courbes tracées sur un réseau 

La rectification de la courbe de calibrage de la plaque par une transformation d’aprés 
SEIDEL est toutefois une condition a remplir. 

Dans son microphotométre a déviation de spot lumineux ]’auteur utilise une échelle directe 
ment graduée en densités transformeées 

On explique le mode d’emploi de deux nomogrammes couplés permettant de faire les opé- 
rations de calcul graphique qui se font habituellement en spectrographie a l'aide de courbes 


Summary 


It is possible to substitute nomographs for the curves used in spectrographic calculation, prefer- 
ably after rectifying the emulsion calibration curve by a SEIDEL transformation. 

In the authors micro-densitometer a galvanometer scale with direct readings in SEIDEL 
densities has been fitted. Instructions are given for making a complete nomograph which 
replaces the graphical calculations usually made in the laboratory with curved calibration lines. 


Zusammenfassung 


Es wird auf die Méglichkeit hingewiesen, Fluchtlinientafeln anstatt Kurven zu verwenden. 

Die Streckung der Schwarzungskurve mittels einer Serpe.-Transformation ist dagegen eins 
Bedingung 

In seinem Mikrophotometer gebraucht der Verfasser eine Galvanometerskala, die direkt in 
SEIDEL-Schwarzungen eingeeicht ist 

Es wird die Gebrauchsanweisung zweier aneinander gekuppelten Fluchtlinientafeln, gegeben 
womit man die in der Spektralanalyse iblichen Berechnungen ausfiihren kann. 


* Non illustree 





Purifieazione dei solventi per uso spettroscopico 


FRANCA GASPAROTTI 


lide o liquide comporta i uso 
Lie SOlUZIONI, gli Stessi procedl 
essere otticamente trasparenti 


ssata che gli effetti 


| ammoniaca rii 


icido acetico, l’acetato di 


™ nzolo il toluolo lo xilolo la 
| solventi che si prestano all 
pero cosi numerosi e nentrano 


non de vono contenere nella 


gruppo C=Q N=N 


1 diritta o ramificata on 
ligroina ¢ l‘etere di pe 
restano | purche siano esenti da in 


la qua distillata per tutti 1 compost! 


messi in commercio pur bastan 

é assolutamente sufficiente alle 
purilicazione deve essere in quest 

tracce di compostiaromatici impercettibill 
rifrazione, punto di ebollizione e di solidi 

lalle bande di assorbimento a struttura 


stessi composti allo stato di vapore 


ettro di assorbimento della ligroina, 75 120 


o lesistanza di una banda nella re ion ultravioletta 
ille impurezze esistenti nella ligroina stessa, dato 


1¢ stituenti normali, in prevalenza esano, sono perfettamente trasparenti 


1 minima lunghezza d’onda registrabile dalla lastra fotografica 


re di petroho (0U Su commercialmente 


iratteristiche bande del benzolo che assorbe 


puri sono forniti da speciali laboratori, ma ad un 


rinunciare a farne uso correnté Un litro di esano 


neno di yin) lire 
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Purificazione dei solventi per uso spettrosco 


Queste difficolta di ordine pratico mi hanno indotto a tentare Ja purificazione 
della ligroina, che mi occorreva rigorosamente pura per lc studio fotometrico di una 
frazione petrolifera. Per quel che riguarda la purificazione degli idrocarburi, la 
letteratura non é molto ricca ; comunque, fra alcuni metodi consigliati da vari autori 


ricordo i seguenti 


1. Processo all’acido clorosolfonico 
Nel 1940 HoLipay e JopE consigliarono un trattamento con ac. clorosolfonico ed 
acido solforico conc., avente lo scopo di distruggere i doppi-legami degli idrocarburi 
insaturi, presenti come impurezze. Si elimina l’eccesso di acido con una soluzione 
diluita di soda, e si distilla il solvente cosi purificato 
Siccome il trattamento con ac. Clorosolfonico si prolunga pel diversi giorni 
l’‘acido va continuamente rinnovato, il suo consumo si aggira sui 2 kg per ogni litro 
di solvente, a purificazione ultimata. 
2. Processo alla miscela solfonitrica 
Nel 1947 G. Prruot ha purificato l’esano mediante un trattamento con acidi minerali 
copcentrati 
Praticamente, dopo aver attaccato | idrocarburo con una miscela in parti eguali 
di acido solforico concentrato e acido nitrico fumante, si procede alla prima distilla 
zione per separare completame nte la part acida dall’idrocarburo I] prodotto va 
quindi lasciato sotto bromo per 48 ore, previo essicamento su aCl, e si elimina 


vata ¢ bollizione pegue un trattamento con cal 


successivamente il bromo pet prolyn 


bone animale ed un ultima distillazione che da un prodotto otticamente trasparenté 


fino a 2400 A, 


3. Processo al gel di silice 
WEISSBERGER e PROSKAUVER hanno trattato il solvente da purificare con una certa 
quantita di gel di silice mantenendolo in agitazione per qualche ora con un agitatore 


elettrico. I) gel di silice avrebbe il compito di adsorbire le impurezze aromatiche che 


disturbano le determinazioni analitiche. 


1. Processo di nitrazione e riduzione 

Nel 1944 L. Fucus ha constatato che il comune pro edimento usato in laboratorio per 
la purificazione della ligroina, benzina leggera, esano, attraverso la nitrazione dei 
composti aromatici e la successiva estrazione dei nitroderivati con acido solforico 
non porta a prodotti rigorosamente puri. Le ultime tracce di sostanze nitrate non 
si eliminano molto facilmente, e sono piu assorbenti dei corrispondenti idrocarburi 
da cui prendono origine. II coefficiente molare di estinzione del nitrobenzolo ad es 
é quaranta volte maggiore di quello del benzolo. Per esprimerci in cifre, si puo dire 
che 35 mgr di benzolo disciolto in 100 cc di solvente inattivo, assorbono per lo 
spessore di 1 cm, circa il 90% della luce, mentre bastano 1,3 mgr di nitrobenzolo 
per ottenere lo stesso assorbimento 

Siccome sovente si osservano gli spettri attraverso spessor! di vari centimetri., 
quantita dell’ordine di 0,1—0,2 mgr per cento di nitrobenzolo nel solvente distur 
bano la chiara valutazione dello spettro, a prescindere da eventuali influssi chimici 
chepossono esercitare. Inoltre, sostituendo il benzolo con il suo nitroderivato, anche 
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lle bande di assorbimento viene notevolmente alterata. | gruppi 
zze residue si lasciano facilmente ridurre con un appropriato 
rimo fra tutti l‘idrogeno nascente, in modo da poter poi essere allontanati 
on acidi minerali diluiti. Con questo sistema si giunge appunto ad 

esente da qualsiasi impurezza aromatica 
metodi di purificazione elencati ho preferito senz’altro quest ultimo, perché 
mentre quello di HOLIDAY e JOPE si presenta scomodo dal punto di vista della lavora 
zione per gliabbondanti fumi che continuamente si svolgono dall acido clorosolfonico 
quello di WEISSBERGER e PROSKAUVER, si é dimostrato inefficace in una prova ap 
positamente esegui Non so precisamente se l'insuccesso fosso dovuto alla qualita 


del gel di silice, oppure alle condizioni di lavorazione, fatto sta che gli spettrogrammi 


della ligroina e dell'etere di petrolio apparivano identici, prima e dopo il trattamento 


Nell applicare di Fucus alla purilicazione della ligroina. ho operato 
sperime ntaime 
900 li ligroina, 7 120°, vengono trattati in apparecchio di vetro con raccordi 
1 Ssmerigi on 4 l H.SO on e 40 ce di HNO, fumante, e fatti bollire pel 
due ore ’ n 1 ricadert Dopo raffreddamento lo strato acido vien 
eliminato a mezzo di un imbuto s« paratore, e 81 ripete il processo di nitrazione sulla 
ligroina rim: almeno per altre due volte ioé finché la miscela solfonitrica non 
manifesta pili la presenza di sostanze aromatiche Contemporaneamente s1 forma 
uno strato pili denso di ligroina ¢ mulsionata con nitrobenzolo ed altre im 
Questo prodotto oleoso solidifica a 28°-——30°, rapprendendosi in una massa 
giallastro e dall’odore di mandorla, caratteristico del nitrobenzolo 
ligroina estratta con imbuto separators si aggiungono 40 cc di H,SO, con 
agitando energicamente la miscela « ripete ndo l’operazione pel 5 o 6 volte, finché lo 
trato acido non si colora pil. A questo punto si distilla il solvente su 25 ce di HL,SO, 
e si aggiunge al distillato una sufficiente quantita di Zn in polvere nel rapporto 
ogni 100 ce di liquido da trattar quindi acqua e HCI! con per tar 
1 riduzione delle tracce di nitrobenzolo 


inilina formatasi é solubile in acqua, possiamo eliminarla per semplice 


decantazione dello strato acquoso. La ligroina cosi purificata viene 
lata. e nuovamente distillata su 20 ec di H,SO, con 
mtra un abbondante sviluppo di SO,, che si scioglie nel 
ndo idoppi legami, disintegra la sostanza organica 
prodotti peciosi che aderiscono fortemente alle paretl del 
nporaneamente si riduce ad S( ), Acli effetti dell assorbimento 
e va eliminata, perché presenta una banda che occupa la 
gione ultravioletta l’eliminazione di questa sostanza si 
prolungata ebollizione a ricadere della frazione distillata 
1 descritta: Ov 

1] soOivente OSsl puritl n assorbe fino a 2200 A di lunghezza d onda 
Ho esposto t , modestissime osservazioni, unicamente perché queste 
possano riusci li a chi, dovendosi mettere in condizione di prepararsi da sé 
solventi per 1 pettroscopico, deve scegliere fra quelli offerti dalla letteratura 
ur ed anche il plu economico L’esperienza mia puo forse 


1 ed un po d Tatica a qual he altro ricercatore 
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Diskussion 

A. Luszcezak: Ich méchte die Vortragende darauf aufmerksam machen, daB 
F. X. Mayer und ich die besten Erfahrungen bei der Entaromatisierung von Benzin 
mittels schwach rauchender Schwefelsiure hatten. Man stellt sich 100 %ige Schwefel- 
siure mit rauchender Saéure her, bis das Gemisch eben schwach raucht. Das zu 
reinigende Benzin wird wiederholt mit kleinen Portionen 10%iger Schwefelséiure 
geschiittelt, bis das Siuregemisch nicht oder nur mehr schwach gelb gefarbt ist; 
hierauf wiischt man mit konzentrierter Schwefelsdure, destilliertem Wasser, 2 %iger 
Natronlauge, destilliertem Wasser, trocknet mit wasserfreiem Natriumsulfat, 
schiittelt mit Bleicherde, filtriert und destilliert. Solcherart gereinigtes Benzin zeigt 
erst ab etwa 2000 A schwache Endabsorption. ZweckmaBig geht man von einem 
Benzin aus, das wenig ungesattigte Kohlenwasserstoffe enthalt, um an Reagenzien 
zu sparen. 


Summary 


A note on the importance of purifying solvents, and the methods used, with special reference 
to ligroin and its purification by treatment with acids. 
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Le spectro-lecteur automatique comme instrument de recherche 


F. C. MATHIEU 


Compagnie Radio-Cinéma, Courbevoie (Seine) 


I. Objet de la communication 


L’année derniére au Colloque International de Spectrographie a Strasbourg, j'ai 
eu l’honneur de présenter le «Spectro-lecteur Automatique», instrument destiné 
a analyse spectrale a lecture directe. 

Cet instrument, réalisé sous l’impulsion de la Société Péchiney par la Compagnie 
Radio-Cinéma, a été spécialement étudié pour un usage industriel ot l'on recher 
che plus particuliérement: rapidité. automaticité précision, souplesse et constance 
dans les résultats. 

Toutefois, a l’usage et en déterminant les modes opératoires convenables pour 
les analyses, cet appareil s'est révélé étre un remarquable instrument de recherche 
qui laisse entrevoir des progrés considérables dans le domaine de l’analyse spectrale. 

Pour exposer et faire comprendre les possibilités de cet instrument, il est indispens 
able d’en rappeler le principe fondamental, les caractéristiques essentielles et de 
décrire quelques-unes de ses particularités de réalisation. 


Il. Principe fondamental 


Il faut tout d’abord remarquer que, contrairement au processus photographique 
ou aux autres appareils a lecture directe, la mesure de |’intensité relative des raies 
du spectre ne donne pas lieu a une intégration préalable sur un temps donné. C’est 
la valeur instantanée du rapport de l’intensité de la raie d’analyse a celle de la raie 
de base prise pour étalon interne qui est indiquée par |’instrument. En d’autres 
termes, on enregistre bien directement un rapport d’intensité et non un rapport 
de quantité d’énergie. 

Ce fait est capital car c’est ce qui permet de suivre dans le temps d’une facon 
continue l’évolution de ce rapport ou de ses termes composants et d’étre ainsi 
renseigne sur un grand nombre de phénomeénes qui, jusqu’ici, étaient restés inapercus. 


Ill. Caracteristiques essentielles 
Sans entrer dans des considérations trop spéciales a |’électronique, je vais m’efforce1 
d’exposer le principe méme de |’appareil et montrer comment on doit interpréter 
les renseignements qu’il peut nous donner. 
La Fig.1 représente un schéma de principe montrant le générateur, le spectro 
graphe, les deux multiplicateurs déplacables manuellement le long du spectre et 
les deux chaines d’amplification identiques. 


Je ne reviendrai pas en détail sur les caractéristiques du systéme d’amplification 


que j'ai déja décrites l'année derniére, me bornant 4 rappeler que: 
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1. L’amplification est entiérement basée sur la modulation de |’étincelle *, c’est-a 
dire que |’on utilise des amplificateurs 4 courant alternatif, ce qui élimine la dérive 
et les ajustements indispensables des amplificateurs a courant continu. 

2. La réponse des multiplicateurs et de chaque chaine est linéaire et la stabilité 
instantanée et dans le temps est considérable. 

C’est du reste cette stabilité du coefficient d’amplification obtenue par un taux 
élevé de contre-réaction, qui rend possible la mesure potentiométrique par un galvano 
métre de zéro des deux tensions amplifiées séparément plusieurs millions de fois 


Si l’on éclaire les deux fentes réceptrices par une méme source modulée 4a la 
} 

fréquence de 100 cps et d’intensité variable, l’aiguille du potentiométre enregistre 

pratiquement une droite pendant un temps indéterminé. L’examen des minimes 


Yoo seconde 


sinuosités de la droite permet de définir la précision intrinséque du dispositif élec 
tronique a une valeur de l’ordre de 0,2% du rapport des intensités lumineuses 
comparées. 

Aux points A, B, C, D, E, F, G ont été figurés des oscillogrammes de la forme 
du phénoméne aprés chaque transformation. 

En A, l’étincelle condensée sous sa forme habituelle d’onde amortie 4 front 
raide, dont les trains se succédent a la fréquence de 100 cycles p.s. 

En B, les impulsions lumineuses de méme fréquence mais de durée extrémement 
bréve (quelques microsecondes) émises par les atomes excités ou ionisés par la 
décharge électrique. Ces impulsions viennent frapper la couche photo-sensible des 
multiplicateurs et engendrent un «signal» électrique de méme forme. 

En C, aprés passage dans le filtre d’entrée dont le but est de réduire le «bruit 
de fond» et de tirer un maximum de rendement de |’amplification, le signal prend 
la, forme que l’on voit sur l’oscillographe cathodique de l’instrument en D aprés 
amplification. 

En E, le filtr. de bande qui a éliminé les phénoménes parasites de l’amplification 
ne laisse plus subsister que la fondamentale du signal sous sa forme sinusoidale 
pure. 

* L’appareil n'est pas limité 4 l'émission par étincelle condensée il peut étre utilisé avec l’arc alterna- 
tif qui donne une modulation de |’émission équivalente en fréquence. I] peut étre utilisé avec l’arc 
continu interrompu 4 la condition que la modulation ait lieu & 100 cps, ou méme avec l’are continu 
ordinaire en utilisant sur le trajet des rayons un disque modulateur & 100 cps entrainé par un petit 


moteur synchrone. 
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En F, le «détecteur» a redressé le signal alternatif pour le rendre mesurable par 
des galvanomeétres classiques. 

En G, on a ajouté une constante de temps d’une fraction de seconde pour inté 
grer un petit nombre d’étincelles de facon a ne pas perturber les instruments de 
mesure par des irrégularités instantanées de |’étincelage, sans toutefois empécher 
de suivre |’évolution continue du phénoméne étudié 

Au bout des deux chaines, un potentiométre enregistreur trace sur un diagramme 
l'évolution des phénoménes dans la forme que nous vous présenterons tout a l'heure. 

Revenons a présent au point D. Il est possible, 4 l'aide d’un simple commutateur, 
de brancher l’oscillographe cathodique, soit sur l'une, soit sur l’autre des deux 
chaines d’amplification, soit sur les deux chaines 4 la fois. Dans les deux premiers 
cas on peut observer |’intensité de l'une ou l'autre des deux raies sur lesquelles sont 
placées les fentes de sortie de |'instrument; dans le dernier cas on peut observer 
directement la différence des intensités des deux raies et ce, étincelle par étincelle. 

Xemarquons en passant que cette observation simultanée des intensités instan 
tanées des deux raies n’est possible que grace a Ja rigoureuse concordance de phasé 
des deux chaines d’amplification, ce qui est une caractéristique intéressante de 


‘amplification 


IV. Interpretation des indications de l’instrument 

Voyons maintenant quelles sont les indications intéressantes que nous révéle 
l’instrument 

Supposons que nous soumettons un échantillon a la décharge électrique aprés 
avoir braqué les multiplicateurs sur deux raies du spectre 

Dés le début du flambage, nous pouvons observer: 

1. Le milliampéremétre de la raie de base qui nous donne une valeur approchée 
en absolu de |’intensité de la raie de |’étalon interne. Cette intensité sera assez 


rapidement variable (décroissante en général dés le début) mais, par référence a un 


essai précédent, nous devons retrouver en fonction du temps des valeurs woisines. 

Nous ne pouvons pas dire égales car nos techniques actuelles de reproductions 
correctes de |’étincelage: genérateur, échantillons, graphites, éclairement de la 
fente d’entrée, etc. sont encore trés incorrectes 

Cependant, la précision est déja suffisante pour que nous puissions distinguer 
deux alliages d’aluminium dans lesquels la teneur en métal de base différe de 5% 
environ 

Dans tous les cas, comme nous le disions, la référence a un essai antérieur, sera 
déja une bonne indication que tout est normal 

2. Le milliampéremétre de la raie d’analyse nous renseignera instantanément 

l’intensité de cette derniére et nous pourrons modifier a notre gré le coefficient 
d’amplification pour rendre comparable cette intensité a celle de la raie du métal 
de bas 

N’oublions ps n effet, qu'il est possible de comparer entre elles deux raies 
dont les intensités relatives sont trés différentes et méme dans le rapport de 1 
a LO0000 

Cette propriété de la lecture directe multiplie a |’infini les nombres pairs de 


raies utilisables pat rapport a la méthode photographique. 
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3. L’écran de l’oscilloscope nous renseignera sur la qualité de l’étincelage. Avec 
un peu d’habitude, nous observerons aisément un mauvais fonctionnement du géné- 
rateur par la coincidence des fréquences des défauts visibles sur |’écran avec de 
minimes variations du bruit de |’étincelle. 

En utilisant le commutateur pour observer sur |’écran la raie du métal d’analyse, 
nous aurons aussi une idée du comportement de cette raie. 

Si, enfin, nous plagons le commutateur sur la position qui donne la différence 
des intensités des deux raies, nous aurons instantanément une indication sur «l’>homo- 
logie» de ces deux raies. 

Cette méthode s’est révélée extrémement utile. 

4. L’enregistreur pendant ce temps trace la courbe des variations du rapport 
des intensités des deux raies et je vais vous montrer |’interprétation que l’on peut 
en tirer. 


V. Influence de l’etat de surface 
La Fig.2 représente une série de diagrammes enregistrés au cours d’essais sur l'état 
de surface des échantillons. 














Fig. 2. 


De gauche a4 droite, on voit des évolutions successives du rapport des intensités 
Si 288I 


Al 3961 ° 

Dans les trois premiers cas on remarque que les sinuosités du diagramme sont 
assez accusées et irréguliéres. I] s’agit d’un échantillon d’alliage a fort Si, dont la 
surface a été travaillée au tour, sans précautions spéciales et qui a été abandonnée 
a l’air pendant plusieurs heures. 

Les trois diagrammes de gauche ont trait aux mémes échantillons mais travaillés 
au tour a l’outil pelle de diamant pour obtenir une surface polie, et l’étincelage a été 
appliqué aussi tot aprés le travail. 

On remarque la finesse et la régularité des évolutions. 
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Je ne prétends pas donner des résultats d'une étude que nous n’avons pu faire 
méthodiquement. Cette presentation de diagrammes a n'est la que pour montrel! 


ce qu on peut att ndre de l'appare il 


VI. Influence de la texture du graphite des contre-electrodes 

Mn 2949 

Al 3961 

les deux évolutions ont été faites dans des conditions aussi identiques que possible 

mais avec des contre-électrodes en graphite de texture et dureté différentes 
hémisphére de facon identique 


La Fig.3 a droite montre deux évolutions du rapport dans un Duralumin 





La différence est frappante au point-de-vue régularité de |’évolution 
M 
41 3961 


g 2852 
Les deux évolutions de gauche confirment la différence observée mais 


font apparaitre un phénomeéne important sur la durée possible de |’étincelage 


effet 


on note sur |'évolution, qu’aprés une tendance 4 stabilisation a une 
valeur moyenne, la valeur du rapport augmente brusquement et tend 4 trouver une 
autre stabilisation. I! est difficile de se prononcer sur la raison de ce phénoméne que 
l’on peut reproduire avec ce genre de graphite 

La encore nous ne pouvons donner qu'une ébauche d’étude mais nous montrons 
la facilité et la rapidité offertes par |’instrument 


Je profite de ces exemples d’évolution pour remarquer incidemment que l’aspect 


général du graphi jue caracterise nettement le genre de métal, tout au moins pour 

ertains composants et certains alliages. Le Mg, par exemple, donne toujours une 
pseudo-parabolique, il en est de méme du Be 

Mn donne une evolution rectilig a une pent qui sé mbl dépendre de sa 


évolution analogue 4 Mn mais avec une pente trés 
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Vil. Influence de la temperature des echantillons 
La Fig.4 montre une série d’évolutions en faisant varier la température de |’échan 


tillon 
On note, de droite 4 gauche, la forme générale des évolutions qui tendent vers 


la droite inclinée 4 pente réguliére que nous avons déja vue sur la Fig.3 pour le 
méme rapport 

Il semble que la bonne évolution est obtenue quand la température ne varie que 
trés peu pendant l’étincelage 


\ 


N 
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Nous avons, en effet, remarqué que dans tous les alliages d’Al il suffisait de 
chauffer les échantillons 4 une température de 20 a 30° au-dessus de |l’ambiance 
pour obtenir des évolutions réguliéres et reproductibles. 

Chacune des évolutions dure environ 200 sec; sur ces diagrammes on voit qu'une 
telle étude peut étre menée trés rapidement 


VIIl. Influence de 'homogeneite de l alliage 

La Fig.5 montre les évolutions de différentes raies du Zn dans les alliages d’alu 
minium avec des teneurs différentes 

Ici, on remarque que les évolutions sont trés irréguliéres, méme a de trés faibles 
teneurs. L’observation de |’oscilloscope cathodique pendant ces évolutions montre 
que les raies du Zn ne sont pas homologues a celles de Al I] semble impossible, 
quel que soit le régime adopté par le générateur, d’obtenir une évolution stable. 
Doit-on accuser lhomogénéité de l’alliage ou le comportement des raies du Zn 
Nous n’avons pas disposé du temps nécessaire pour pousser plus loin cette étude. 

On remarquera qu’une évolution de Si dans les mémes alliages, quoique plus 
réguliére, ne ressemble pas aux évolutions habituelles de ce métal qui sont trés 
réguliéres. Il faut y voir probablement une influence de la perturbation due 4a la 


présence du Zn 
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IX. Quelques exemples devolution d’etude 
La Fig.6 montre, de droite & gauche 
1. Une évolution du fond continu du spectre vers 3100 A en fonction de la raie 
Al 3961 en régime d’étincelle caractérisée 








2. L’évolution du rapport des deux fonds continus vers 3100 et 4200 A en régime 


d’étincelle ; la constance du rapport est remarquable et donne en passant une idée 


de la constance de |’amplification dont nous avons parlé au début et qui est un 


diagramme rectiligne que |’instrument trace lorsque le rapport éclairement des 
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fentes réceptrices est constant, méme si les termes du rapport sont trés variables 
en restant homothétiques. 

3. Méme évolution mais en se rapprochant du régime d’arc par augmentation 
de l’inductance du circuit oscillant du générateur. On remarque que |’évolution 
est beaucoup irréguliére. 

4. L’évolution Fond continu sur raie d’Aluminium en régime arc du générateur 
que l’on peut comparer a la premiére évolution. On voit qu’en régime d’arc la 
stabilité de répartition de l’énergie dans les différentes raies et le fond continu est 
moins bonne. 

Nous avons toujours observé que les meilleures évolutions sont obtenues en 
caractére d’étincelle et il y a la aussi beaucoup a chercher. 


Conclusion 
Il est trés difficile d’exposer sans démonstration les modes opératoires que |’on 
peut pratiquer sur un instrument aussi souple que le spectro-lecteur 

Dés le départ de |’étude, j’avais compris |’intérét qu’il y avait a donner aux 
spécialistes un instrument qui permette 

a) la mesure précise de l’intensité d’une raie spectrale d’une maniére instantanée 
(on pourrait toujours et facilement intégrer par la suite), sa comparaison précise 
et enregistrée a celle d’une autre raie, méme dans le rapport de 1 a 10000. 

b) qui soit stable dans le temps et s’accommode des inévitables variations de 
conditions ambiantes ; 

c) qui pulsse tendre a des mesures en absolu en tenant compte de ses constantes 
d’étalonnage. 

Les difficultés a vaincre pour améliorer |’analyse spectrale sont encore malheur 
eusement considérables mais notre instrument a un mérite: il nous permet de les 
constater et de mesurer une par une |’importance des causes d’erreurs. 

Si, quelquefois, il ne nous permet pas de trouver la cause, au moins nous donne-t-il 
une vue exacte de l’effet qui nous permettra peut-étre de déceler plus tard la ou 


les causes 


Lorsqu’on regarde l’ensemble des résultats obtenus par la méthode photographi- 


que, malgré sa lenteur et ses difficultés, on est fondé a croire que, mis entre les mains 
des savants qui ont su obtenir ces résultats, les moyens rapides d’exploration et de 
mesure offerts par le spectro-lecteur automatique permettront de résoudre un grand 
nombre de problémes importants et, en particulier, de donner une réponse aux 
questions que j'ai laissé pendantes au cours de |’examen des diagrammes d’évolutions. 


Summary 


Che author describes briefly the principles of the direct-reading apparatus made by the Cie 
Radio-Cinéma and then outlines a number of uses in spectrochemical research in addition to 
its purely analytical purpose. In particular, he describes how the indicating unit. can be used 
to check the uniformity of a source, and the degree to which line-pairs are homologous. Specimen 
shape and surface condition have been examined, and the value of different types of graphite 
as counter-electrodes, also the effect of specimen temperature 
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Lavoro in collaborazione in corso per la unificazione di un metodo di analisi 
quantitativa spettrografica delle ghise 


A. PORTALUPI 


Per giungere alla unificazione di un metodo di analisi spettrografica delle ghise, si 
é costituito un sottocomitato ristretto del Centro Ricerche Spettrografiche, al quale 
hanno aderito i seguenti laboratori nelle persone degli spettrografisti a fianco 
indicati 

Laboratorio Centrale della Soc. Alfa Romeo (Dr. ssa SoRAGNA). 

Centro Ricerche e Controlli delle A.F.L. Falek (Dr. BaLpt1). 

Laboratorio della Soc. Fiat Grandi Motori (Dr. ssa Rosetta). 

Laboratorio Centrale della Soc. RIV (Dr. PortTatvupt). 

Il programma di lavoro, in parte gia svolto, comprende: 

1. Preparazione di una serie di campioni-tipo di ghise, aventi composizioni il 
pit: possibile ben distribuite nel campo prescelto dei tenori per i singoli elementi 
silicio, manganese, cromo, nickel e molibdeno. La preparazione di questi campioni 
stabiliti in numero di cinque, (che sono stati ricavati da lingottini colati in terra 
alla temperatura di 1250°C) é gia stata effettuata, a cura del Laboratorio Centrale 
della Soc. RIV di Torino. 

2. Accurata analisi chimica dei suddetti campioni, da eseguire a cura dei labo- 
ratori chimici delle stesse Societa che avevano aderito al Sottocomitato. 

Anche questa parte del lavoro é stata completata. I risultati delle analisi, 
eseguite presso i 4 laboratori, hanno fornito con soddisfacente concordanza i valori 
medi, per i singoli elementi raccolti nella tabella che segue: 





Camp Camp. Camp Camp. Camp. 
wes N° 2 N.° 3 N.°4 N° 5 


— — + 


Silicio (%). i ; 1,33 2,61 3,04 2,05 | 1,86 
Manganese (%) . ; 1,05 0,63 1,37 0,81 0,84 
Cromo (%) . 0,85 0,25 0,64 0,41 | 0,44 
Nickel (%). 1,23 0.40 | 0,72 | 0,77 0,83 


Molibdeno (%) .... 0,96 0,17 0,46 0,29 





3. Messa a punto del metodo unificato. Per questo sono tenuti presenti i seguenti 
criteri principali: 

a) Unificazione sia del metodo relativo alla tecnica del campione a superficie 
piana con controelettrodo, sia del metodo relativo alla tecnica della coppia di 
elettrodi. 

b) Scelta razionale delle prescrizioni di lavoro, tra quelle attualmente in uso 
e gia sperimentate, e quelle consigliate nei vari lavori comparsi nella letteratura. 
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I lavori del Sottocomitato sono facilitati dal fatto che tutti i laboratori aderenti 
dispongono della stessa attrezzatura consistente in uno spettrografo Zeiss Qu 24, 
generatore di scintille Heraeus Mod. II e fotometro per righe spettrali Zeiss. 

Una prima serie di prove, a scopo orientativo, benché sia ancora in corso |’elabora- 
zione dei risultati, permette gia di trarre qualche indicazione sui seguenti punti 

a) Scelta del tipo di lastre pit: adatte, fra quelle attualmente in commercio. 

b) Condizioni di sviluppo e fissaggio. 

c) Modalita di lettura al fotometro e di valutazione dei risultati. 

Il sottocomitato si riserva di dare, non appena possibile, ampia e dettagliata 
relazione dei risultati conclusivi, lieto se da parte dei presenti a questo Colloquio 
potra essere dato qualche suggerimento utile al proseguimento del lavoro. 


Summary 


This paper outlines the scope of a co-operative research by five laboratories on the quantitative 
spectrographic analysis of cast iron, using spark spectra. 
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Ricerca delle principali cause di errore nelle determinazioni quantometriche 
eseguite con quantometro A.R.L. (S.Q.A.) 
L. Bartoui e C. Beccuio 


Acciaierie, Servizio Studi e Prove 


Generalita 
Questa relazione si occupa degli errori nelle determinazioni quantometriche, della 


loro grandezza nei diversi casi, dell’influenza degli errori parziali su quello totale 


ed infine delle loro possibili cause. 
Quanto verra esposto é stato sviluppato sulla base dell’esperienza acquisita nella 


fase di messa a punto di un quantometro A.R.L. installato presso le Acciaierie della 
Soc. ,, TERNI*. Benché tale quantometro permetta |’analisi a lettura diretta anche 
degli acciai altolegati, per deficienza degli standards necessari esso é per il momento 
adibito esclusivamente al dosaggio degli acciai bassolegati 

Ci occuperemo pertanto solo dei problemi inerenti a questo tipo di analisi, ast 
endoci dal descrivere l'apparecchio giacché almeno nelle linee fondamentali, esso 
é molto conosciuto 

Le caratteristiche e le condizioni di lavoro dell’apparecchio adoperato sono 
comunque le seguenti 

Apparecchio 8.Q.A. (Spectrograph Quantometer Adapter) con spettrografo a reti 

colo di due metri, generatore tipo High Precision, e complesso quantometrico 

inserito su righe del primo ordine. (Le righe del secondo ordine sono riservate 

all’analisi per via spettrografica 

Fessura principale normalmente registrata a 60 

Scarica tra punta di grafite e piano del campione (opportunamente smerigliato 

striscie di alundum cinque zeri), ottenuta dal generatore Multisource del 

complesso High Precision 

Prescarica di 10 secondi 

Scarica di circa 20 secondi 

Parametri elettrici adottati per la scarica: induttanza 50 uwH; capacita 10 

resistenza 5 ohm: tensione di cresta del circuito di potenza 1000 V 

Elettrodi della ditta ..National Special grade 

ipparecchiatura funziona attualmente senza il condizionamento dell’aria 

I] metodo seguito in questa ricerca é il metodo statistico; gli errori infatti si pre 
sentano come variabili casuali, ¢ detto metodo quindi é il solo che pud condurre a 
conclusioni pit: fondate e razionali 

Questa ricerca si ripromette, in linea principale, di stabilire le tolleranze con le 
dare le determinazioni analitiche e, in linea subordinata, di accertare 


quali si possono d 
se le condizioni di lavoro suggerite dalla Casa costruttrice, siano le migliori anche in 


irticolare come quello in esame 


di errore nelle determinazioni quantometriche saranno esaminate nel 


secguente oI! line ( he e Ssuggerito dal modo stesso con cul avy iene l’analisi 
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Errori caratteristici del quantometro 


Errore del complesso registratore-elettrometro 


Con le prove adesso relative si potra stimare la precisione dell’apparecchio nella misura 


delle tensioni sui condensatori caricati dalla corrente delle fotocellule. 


Errore di riproducibilita fotometrica 

Si eseguiranno delle letture quando le fotocellule siano colpite dalla luce fornita da 
una lampadina a corrente opportunamente regolata. La determinazione di questo 
errore é molto importante in quanto riguarda quel complesso che é peculiare del 
quantometro e lo distingue dal normale spettrografo. Detto errore é in generale 
minore di quello densitometrico e di calibrazione della lastra nella normale tecnica 
spettrografica [1]; € questa una della ragioni per cui, a parita di altre condizioni 
le determinazioni quantometriche risultano pit precise di quelle spettrografiche. 


Errori causati dalla eccitazione e dalle condizioni fisiche del campione 
Verra esaminata la dispersione delle letture per i diversi elementi quando si ripeta 
un certo numero di volte l’analisi del medesimo campione. Questo errore di ripro 
ducibilita si potra ritenere come errore accidentale della misura, ed assume quindi 
una importanza fondamentale: per questo motivo, ed a titolo di riprova, l’analisi 
di questo errore é stata estesa ad un certo numero di provini di acciaio piuttosto 
dissimili. 

Errore di calibratura 
Aspetti generali 
Come é noto, l’errore sistematico di misure del genere si elimina del tutto solo con 
una calibrazione assolutamente esatta; nel caso in esame pero, dato che tale cali 
bratura si ottiene con una operazione molto simile ad una ane lisi di campioni a con 
centrazione nota, sara inevitabile la presenza di un certo errore di calibrazione 
errore che va riguardato come sistematico, giacché si ripercuote su tutte le analisi 
eseguite con quella calibratura. Si studiera quindi ]’influenza di questo errore sul 
l’errore finale della misura. 


Importanza pratica della qualita deqli standards 
Posta in rilievo l’importanza di avere standards omogenei e di composizione chimica 
certa, verra esposto un semplice metodo che permette la convalidazione dei valori 


analitici degli standards stessi 


Calibratura eseguita con la media 
Esaminati ed osservati sperimentalmente gli errori conseguenti l’operazione di 


calibratura, verra esposto un metodo, analiticamente giustificabile, che permette di 
ridurre l’errore dovuto a tale operazione. 


Errore dovuto all’influenza dei trattamenti termici subiti dal cam prone 

Una questione molto importante che puo limitare le possibilita dellaspettroanalisi 
é l’influenza che il trattamento termico dei provini puo esercitare sui valori analitici 
Verranno quindi esaminati acciai di tipo diverso, sottoposti, nei rispettivi provini, 
a diversi trattamenti termici, e i risultati verranno confrontati con un metodo 


statistico noto come prova di t 
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Confronto delle determinazioni del quantometro con le determinazioni ottenute per 
via umida 

Si procedera ad un confronto tra le analisi di routine eseguite per il controllo della 
produzione dal Laboratorio Chimico Centrale dello Stabilimento e quelle eseguite 
con il quantometro 

0. Metodi statistici impiegati 

Come abbiamo gid detto, lo scopo principale di questa ricerca é |’accertamento 
della tolleranza con la quale si pud dare una determinazione analitica. Tale tolleranza 
é molto importante: é bensi vero che in alcuni casi la fabbricazione ed il controllo 
della produzione dell’acciaio non richiedono misure molto precise del tenore dei 
diversi elementi, ma in altri casi la situazione é completamente capovolta. E quindi 
necessario che il Laboratorio Spettrografico non solo dia la determinazione analitica 
pit: plausibile, tra le diverse che puo aver trovato, ma occorre anche che fissi dei limiti 
entro i quali il metallurgista abdia la certezza che si trovj il vero tenore dell’elemento. 


“ 
E noto che una variabile casuale continua, come puo essere considerato |'errore, 


é caratterizzata da una funzione nota come funzione normale o di Gavss che, rap- 
presentata in coordinate cartesiane, ha la caratteristica forma a campana: tale 
funzione porta in ascissa lo scarto dalla media della variabile casuale ed in ordinata la 
probabilita di quello scarto. In armonia con i principi del calcolo delle probabilita, 
tale funzione rappresenta anche una curva di distribuzione o di frequenza: avremo 
cioé una curva molto simile se porteremo in ascissa il valore degli scarti ed in ordinata 
il numero delle volte che si é presentato ciascuno scarto 

Questa somiglianza tra le due curve, somiglianza che cresce con il numero delle 
prove, secondo il teorema di BERNOUILLI, permette di calcolare la probabilita di un 

una variabile casuale: ripetendo infatti un certo numero di volte 

una stessa misura, potremo calcolare la frequenza relativa e disegnare quindi una 
curva di distribuzione 

Per ognuna delle analisi future, saremo allora in grado, identificando la curva 
di frequenza con la curva di Gauss, di calcolare la probabilita di ottenere una certa 
determinazione 

Entrambe queste curve sono definite da un solo parametro che é il cosidetto 

Errore tipico e.t.) facilmente calcolabile dalla formula 


(1) 


in cui d scarti delle misure dalla media: n numero delle misure 

Tale parametro, caratterizzando completamente le curve, permette di trasferire 
tutte le operazioni dal campo grafico al campo numerico. Per fare questo, rammen- 
tiamo che si pud dimostrare che la probabilita di uno scarto inferiore allo e.t. é 0,68, 
e quella di uno scarto inferiore a tre volte lo e.t. é 0,9973; si ha quindi la certezza 
pratica che lo scarto si mantenga inferiore a questo ultimo limite, che sara quindi 
possibile assumere come tolleranza delle determinazioni nei casi ove occorra (vedi 
nota 

Riassumento, il metodo impiegato per stabilire la tolleranza entro cui si potra 


certi che si mantenga il vero tenore degli elementi, si pud ridurre a quanto 


Eseguire molte prove su uno stesso campione e calcolare lo e.t 
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2. Ripetere quanto sopra su diversi campioni e prendere la media degli ¢.t. 
calcolati per ogni campione. 

3. Assumere come tolleranza della misurazione tre volte il valore trovato. 

Altro strumento statistico di cui ci siamo serviti in questa ricerca, é Ja cosidetta 
,prova di t* 

Questa prova consiste nel determinare la ,,significativita’’ della differenza di 
due medie; se cioé eseguiamo delle misure su due campioni, allo scopo di verificare 
se essi sono eguali, non potremo senz’altro affermare che i due campioni sono diversi 
solo perché le medie delle misure sui due campioni sono tali. Ogni misura infatti 
é affetta da un certo errore, e da un errore seppure pili piccolo é affetta anche la 
media di pili misure. 

La ,,prova di t“‘ consiste nel verificare se la differenza delle medie ¢ puramente 
casuale oppure in che grado si pud ritenere tale. In altre parole, la ,,prova di t“ per- 
mette di calcolare la probabilita che la differenza tra due medie sia esclusivamente 
dovuta al caso. 

Tale prova é stata applicata la dove si dovevano esaminare le differenze indotte 
nei valori analitici dai trattamenti termici subiti dai provini. Tali differenze sono 
piuttosto piccole e la dispersione delle misure é invece tutt’altro che trascurabile; 
sarebbe stato invero piuttosto difficile senza questo metodo, poter stabilire se le 
differenze tra le medie erano o no significative, ossia poter dire se un trattamento 
termico dell’acciaio inducesse o meno delle variazioni nelle determinazioni analitiche. 

Oltre ai metodi a cui abbiamo accennato, sono stati adoperati anche quelli 
dell’analisi di correlazione per il tracciamento dei grafici e delle curve di valori 
piuttosto dispersi, che non si adagiavano regolarmente su una linea a variazione 
uniforme quale si poteva attendere dalla natura fisica del fenomeno. 


1. Errori caratteristici del quantometro 


Errori del complesso registratore-elettrometro. 


E questo il primo errore che @ stato considerato, giacché impossibile sarebbe una 


qualsiasi determinazione quantometrica se non si potesse disporre di un apparecchio 
scrivente sufficientemente preciso. Notando che la scala di questo apparecchio 
scrivente deve in qualche caso coprire dei campi di concentrazione che possono 


.#) 


assommare anche al 5%, si vede come occorra uno strumento molto preciso se si 
vogliono eseguire misure in campi di concentrazione cosi grandi con una esattezza 
paragonabile a quella dei metodi chimici. 

La prova per misurare questo errore é consistita nell’applicare venticinque volte 
di seguito una tensione nota all’entrata dell’elettrometro, registrando ogni volta 
l’elongazione dello strumento. Detta tensione era fornita da una pila di notevole 


Nota Anche nel caso piuttosto raro, in cui la distribuzione delle frequenze degli scarti non segue 
la legge di probabilitaé di Gauss, sono stati stabiliti due teoremi che limitano la probabilita di uno scarto 
superiore ad un certo fattore dell’errore tipico. Alludiamo ai teoremi di T: hebicheff-Bienaymé e di 
Camp Meidel. Il teorema di Tchebicheff-Bienaymé, valevole per qualunque distribuzione, afferma che 

. : 
la probabilita di uno scarto maggiore di é minore di | 
o 
Il teorema di Camp Meidel, valevole solo per distribuzioni unimodali, afferma a sua volta che la 
- ~{z\* 
probabilita di uno scarto maggiore di é minore di 1/2,25/ 
o 0 


In entrambi i teoremi z sta a rappresentare lo scarto e ¢ l'errore tipico. 
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| passaggio di corrente era solo quello di carica del condensatore 
elettrometro. e dato anche che tutta la prova e stata condotta in un 


} 
I 


in entrata all 
della pila fosse costante e quindi la dispersione delle letture fosse unicamente dovuta 


capacita e dato che 
periodo di tempo relativamente breve, si puo senz’altro assumere che la tensione 


e.t. applicando ai venticinque valori 


1) dianzi citata. 


ad un errore strumental 
Di questa dispersione e stato « ilcolato lk 
delle elong izioni dello strumento scrivente, la formula 
lo inutile trascrivere i valori delle singole letture, ci limitiamo a riportars 
risultat Moltiplicando questo valore per tr 


Giudica 
»>cDe cert prati amente., ¢ he l’errore sara comunque 


fr “se che to O.04* 
parlando del metodo statistico, si otterra 1! 


il valore at oO ¢ 
il ragionamento sviluppato 


i 


re; saren 


piusta 

limite pratico dell'erro1 

minore del 0,27 

Ci sembra < pportuno iggiungere < he le misure per questa prova furono esecuits 

con precauzioni speciali, e cioé applicando una scala pil finemente divisa ed un 

indice pit: sottile di quelli originariamente montati sul registratore, allo scopo di di 
minuire l’erro! lettura 

dell’errore tij nedio di 0,09% si deve ritenere come perfettaments 

ninore dello scar minimo che si possa apprezzare 


+ 


riventé 


= ( 


ippare c¢ hie 


te ad un fotometro applic itk 


1 precisione dello strumento 


iminosa di una lampadina 
stante. Per render 
i pertinente alle inalisi 
4 1UMIMOSE l rappo!l 
do, oltre che ad essere 


met 
zion! 


ll tI scurare piccol Varia 


Liisi, pern 


npadina 
i disposta sopra il reticolo 


im 
ia iampadin 
controllo (test lamp Esse hanno com 
lei rapporti della intensita luminosa di 
t. di 


te impieg indo 


© per scopl ad 
misul ( 
rnito ce il¢ qua e Stato calcolato lo ¢ 


‘ 


appresso | 


ripo 


qui 


i 


© 


0,235 


li e.t. sui cinque canali é percid di 0,263 
Uccorre dire che questa serie di registrazioni venne eseguita con posizione degli 
orl eguale a quella necessaria pe! l’analisi. Come é stato speriment slmente 
ti attenuatori, che determina il valore delle tensioni 

influenza in modo decisivo la loro corrente di bui 


attenuat 
posizione di questi 
si puo riguardare come ul 


osserTvato la aul 


di ilinentazione delle fotocellul 
l ile corrente per essere de] tipo ad im pulsi incoerenti 
ed é@ senz altro la causa principale di questo errore fotomet! 


variabile casuals 
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Tale errore é percié dipendente dalla tensione di alimentazione, e questo é stato 
sperimentalmente verificato, ma per i nostri scopi si ritiene sufficiente riportare 
i dati della tabella precedente. 


Anche queste letture furono eseguite valendosi di una scala e di un indice speciali: 
osserveremo che |’errore, essendo appena superiore a quanto si pud ragionevolmente 
stimare sulla carta dell’apparecchio scrivente, si deve anche qui ritenere del tutto 
soddisfacente, come del resto é affermato dal Coheur per un apparecchio consimile [1]. 


2. Errori causati dalla eccitazione e dalle condizioni fisiche del campione. 


Errori di riproducibilita sul campione 
Come abbiamo gia accennato, |’errore finale di una determinazione analitica si 
pud sostanzialmente considerare come composto do due errori separati: 


a) un errore accidentale, la cui grandezza dipende esclusivamente dal caso, 
e cioé da un notevole numero di cause non determinate, nessuna della quali si pud 
considerare come preponderante ; 

b) un errore sistematico, e cioé un Tabella B 
certo incremento che viene applicato Colata 
a tutte le misure della serie. N.° 





Conviene considerare separata- 
mente questi due errori, giacché il 20378 
primo di essi pud essere considerato ote 
come non eliminabile, nascendo dalla 90680 
natura stessa del metodo di misura, 20 636 
mentre il secondo, con opportuni 
attifici, pud essere ragionevolmente 
attenuato. I] modo di accertare |’entita dell’errore accidentale separatamente dal- 
l’errore sistematico é fornito dalla prova di riproducibilita: questa prova consiste nel 
ripetere l’analisi di un medesimo campione un certo numero di volte. Si otterra 
naturalmente una dispersione di valori, che si raggrupperanno intorno ad un 
valore medio secondo una curva che abbiamo chiamato di distribuzione o di 





frequenza. 

Come abbiamo gia detto, questa curva, o meglio ancora lo e.t. della distribuzione, 
ci permettera di assegnare la probabilita di un certo scarto futuro. 

Si.é quindi voluta determinare nelle normali condizioni di analisi la dispersione 
delle determinazioni allo scopo di accertare l’errore accidentale della misura. Sono 
stati percid scelti cinque provini di acciaio le cui composizioni sono date in tabella B. 

I provini sono stati ottenuti tagliando la parte inferiore dei lingottini di colata; 
senza alcuna fucinatura i provini sono stati direttamente smerigliati su una striscia 
di alundum cinque zeri. Sono state eseguite 50 analisi per ciascun provino ed i risul- 
tati relativi sono riportati nelle curve della Fig. 1, in cui sono anche riportati i valori 
dell’errore tipico o scarto quadratico medio. 

Questi valori non solo ci saranno utili per la determinazione della tolleranza con 
la quale potra essere data |’analisi quantometrica, ma anche per fare un confronto 
delle diverse condizioni di lavoro dell’apparato. 
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alibratura 


data | analisi quantometrica 


» che nell’errore totale di tale analisi € compreso anche un errore che 
che va riguardato come sostanzialmente siste 


1 la quale potra essere 


rammentiam 
abbiamo chiamato di calibratura, e 
& fornito di due comandi per clascun canale in modo tak 


try 


I] quantome 
' nsibilita e | : dello ze lla scala del registrat 
che 81 possa variare ia sensibilita e ia posizione aeilo zero sulla scala de registratore 


Il controllo di sensibilita ha lo scopo di far coincidere 11 massimo della scala con il 








vaiore medio 





. 
- 

z 
* * 


ostruite 
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Frequenza ~ 





~ Frequenza 


rappresenta 
deterrminazion che 


yy wverva 








el campo di concentrazione richiesto dall’analisi, mentre il controllo di 


massimo d 
zero ha lo scopo di eliminare dalla scala la lettura relativa al fondo continuo 


La calibrazione consiste appunto nel regolare questi due comandi in maniera 


opportuna: a questo fine si eseguono le analisi di due campioni di concentrazione 
nota e, regolando tali comandi si ottiene appunto che | indice si porti sui punti della 


s( ala corrispondenti nel campo di concentrazione pres elto, al valori della concen 


trazione chimica 
Eseguita tale operazione, la lettura L che si otterra successivamente analizzando 


campioni di concentrazione ignota C, sara data dalla formula 


I I 


f f 


L, 


L, ed L, e C, e C, sono rispettivamente le letture e le concentrazioni che si sono 


aove 
avute durante i operazione di calibratura Da notare che questa relazione vale solo 


se effettivamente la lettura del registratore é@ strettamente proporzionale alla con 


centrazione dell’elemento: tale condizione é, almeno nei limiti degli errori, sempre 


verificata in pratica nel nostro apparato. 
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Osserviamo ora che, mentre le concentrazioni C, e C, debbono essere considerate 
come costanti, non altrettanto si pud dire delle letture L, e L, che, come abbiamo 
visto dopo aver eseguito le prove di riproducibilita, sono anzi affette da un certo 
errore che abbiamo stimato. 

L’errore finale percid della determinazione quantometrica, sara la composizione 
del gia ricordato errore accidentale e di questo errore proveniente dal fatto che 
durante la calibrazione i campioni standard non hanno dato gli esatti valori di 
L, e Lg. 

Vogliamo ora stimare la entité di questo errore di calibratura: adoperiamo a 
questo scopo una formula di statistica che fornisce l’errore di una grandezza che 
sia somma o differenza di altre, quando siano noti gli errori dei singoli addendi. 

Data una formula del tipo: 

A=B+C (3) 


chiamando 8, e 8, gli errori di B e di C, l’errore s, di A é dato da: 


s*, = 8 + 8b. (4) 


Nel nostro caso assumeremo come errore il valore dell’errore tipico medio, ed 
inoltre considereremo i valori delle concentrazioni come costanti. Le grandezze 
effette da errore rimangono jercié le Le quindi, in base alla formula (2), |’errore 
totale della lettura o, sara: 


C- } . 
= di, - whe : (5) 


dove con o, e o,, intendiamo rispettivamente gli errori relativi alla L, ed alla L,. 

Osserviamo ora che |’errore di calibrazione ha una diversa influenza secondo il 
tenore dell’elemento che si vuole considerare. Per i nostri scopi perd, dovremo 
considerare il massimo di tale errore, quello cioé che corrisponde al massimo del 


; aes O-—O, 
campo di concentrazione. In queste condizioni il valore della frazione —~ ‘ é sen- 


sibilmente eguale ad uno, per cui la formula (5), facendo la ragionevole ipotesi che 
l’errore relativo alla L, sia eguale a quello relativo alla L, (e cioé che o,, = o,, = oz) 
si riduce a: 
O,= oO, (6) 
il che vuol dire che ]’errore di calibratura é eguale all’errore accidentale della misura. 
Rammentando che l’errore finale della misura deve essere considerato come la 
composizione di questi due errori (errore di calibratura o, ed errore accidentale c,) 
tenuto presente che questa composizione per la natura stessa degli errori deve essere 
considerata additiva, applicando ancora la (4) otterremo per l’errore finale S, il 
valore : 


e cioé, con l’ipotesi che o, = o, avremo: 
Sp =|2¢,. 
Importanza pratica della qualita degli standards 


Dalle formule precedenti si pud immediatamente desumere |’essenziale importanza 
di avere degli standards omogenei e di composizione chimica certa. 
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Se infatti i valori C, e C, sono nella formula (2) affetti da errore, ne consegue 
una immediata imprecisione di tutte le analisi; se poi gli standards non sono suf- 
ficientemente omogenei, aumentano gli scarti di L, e L, e quindi l’errore finale. 

Nell’ipotesi che abbiamo fatto precedentemente che o, = o, abbiamo sottinteso 
che fossero adoperati standards della stessa omogeneita dei campioni incogniti, 
giacché questa é la variabile pit importante relativa ai campioni che influisca sulla 
riproducibilita. Osserviamo ora dalla formula (7) che, al variare della omogeneita 
dei campioni standards varia anche o,e quindi il valore dell’errore finale. Vogliamo 
qui rilevare che questa ca 
ratteristica della omogeneita 
é forse pil’ importante della 
stessa certezza della com- 


- 


4 
| 


~aapoccenfocewetownwepmowecwoce ny . . posizione accertata per via 


umida, quando il Labora 
torio Spettrografico possa 
disporre di una certa serie di 
campioni da un Laboratorio 
Chimico, sia pure con analisi 
di routine: in queste condi- 
zioni, infatti é possibile risa 
lire con notevole esattezza 
alla composizione effettiva 
degli standards basandosi 
appunto su quella serie di 
analisi. 
Se si calibra l’apparecchio 
| | | H } | con valori approssimati degli 
o40 G50 660 6070 «6O80 6090 61% standards e poi con esso si 
CeTeMeNZON CONE eseguono le analisi di cam- 
Pig. 2 pioni gia analizzati per via 
umida, si possono confron- 
tare i risultati riportando in ascissa di un diagramma i risultati di un metodo 
ed in ordinata i risultati dell’altro: per esempio, in ascissa i valori del Quanto- 
metro ed in ordinata i valori del Laboratorio Chimico. Si otterraé cosi una 
dispersione di valori intorno ad una retta, dispersione dovuta agli errori dei due 





metodi. 

Se la retta media della dispersione coincide con la retta a 45°, potremo concludere 
che i valori degli standards sono esatti; se tale coincidenza non sussiste, il tenore 
da assumere per gli standards pud essere dedotto leggendo, nel nostro esempio, 
l’ordinata del punto della retta che ha per ascissa il valore approssimato dello stan- 
dards 

Questo metodo che si é creduto chiarire con il diagramma dimostrativo della 
Fig. 2 equivale ad assumere come riferimento le medie ottenute da un certo numero 
di analisi; percid se tale numero é sufficientemente grande, e si trascurano gli errori 
sistematici del Laboratorio Chimico, si pud ritenere che i valori cosi dedotti della 
concentrazione degli standards possono essere assunti per le analisi future. 


192 





Ricerca delle principali cause di errore nelle determinazioni quantometriche eseguite 


Calibratura eseguita con la media 


Torniamo ora a considerare |’errore di calibratura. Abbiamo visto che tale errore, 
pur essendo di natura sistematica rispetto alle analisi, é causato dall’errore acciden- 
tale che si ha nell’operazione di calibratura. Abbiamo messo in rilievo l’importanza 
di ridurre tale errore, ed a questo scopo si é riconosciuta la necessita di adoperare 
standards il pil: possibile omogenei. 

Ma anche adoperando standards siffatti, non si pud pretendere di avere eliminato 
l’errore, ragione per cui conviene applicare un metodo che permetta, con operazioni 
di media, di ridurre questo errore per altra via. 

Sotto questo punto di vista é apparso conveniente eseguire la calibratura due 
volte e porre appunto i regolatori di sensibilita e di zero nelle posizioni medie di quelle 
relative alle due operazioni. Infatti, ricordando che |’errore tipico o, di una media 
di n misure, ciascuna delle quali abbia un errore tipico o, é dato da: 


o 


(9) 
yn 


or . (10) 


da cui si deduce che l’errore finale diminuisce in maniera sensibile in quanto, sosti- 
tuendo la (10) nella formula (7) otterremo: 
"2 2 a; 
Sp OL t 3 . (11) 
R:cordando ancora che abbiamo assunto I ’errore tipico o, degli standards e l’errore 
tipico accidentale o,, eguali allo errore o, dedotto dalle prove di riproducibilita, 
la precedente formula (11) diventa: 


+ 


S* 7 -+ - Z ‘ ( 12) 


e percio: 
(13) 

Si deve ora notare che é conveniente adoperare questo metodo non solo perché 
diminuisce, come abbiamo visto, l’errore tipico finale, ma anche perché da migliori 
gaanzie che nella operazione di calibratura non siano stati commessi grossolani 
errori di manualita, errori che risultano evidenti quando le differenze tra le due 
successive calibrazioni risultano piii grandi di quanto si debba ragionevolmente 
aspettare dai gia ricavati valori dell’errore tipico. 

Bisogna anche dire che tale formula, come tutte quelle appoggiate ai principi 
del Calcolo delle Probabilita ha un valore esclusivamente statistico ecioé pud essere 
verificata soltanto dalla media di un numero sufficiente di prove. Considerando 
che nel nostro caso ogni prova dovrebbe essere costituita da un ragguardevole 
numero di analisi, sarebbe stato necessario, per compiere tale verifica, eseguire un 
numero di determinazioni troppo elevato. Ci si é percié limitati ad una verifica di 
carattere qualitativo. 

Sono state compiute due serie di 50 analisi su due diversi campioni. Nella prima 
di queste prove, la calibratura veniva eseguita una sola volta per ogni gruppo di 
10 analisi, mentre nell’altra tale operazione veniva ripetuta due volte e, secondo 
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quanto abbiamo detto precedentemente, veniva assunta per i regolatori la posizione 


media tra quelle provate per le due operazioni 
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Cr ‘ . | ERRORE 
appar ecciw 


prema @ 


sulla scale 


Letture 





I risultati di queste prove sono riportati in Fig.3 e 4 ove sono anche riportati 


i diagrammi di andamento dei valori medi per cinque successivi1 grupp! di deter 


minazioni 





Le differenze tra tali valori si possono in gran parte attribuire all’errore di cali 


brazione. 
Come si vede dalle Fig. 4 e 5, tale errore, nel caso che la calibratura venga eseguita 


due volte, risulta naturalmente minore di quello in cui tale operazione é stata eseguita 


una sola volta 
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G=Grezzo d 
N=Normalizzazione (865 Ke . ) | ReR 


aR x 15 + aria 


B=Bonifica (860° x20 acqua+ 600° « *aria)| N# Normalizzazione 
ate > , : © , 
Te=lempra (860x20+acqua+250 x9 -ae)| B =Bonifica 660 x 15-acqua+600 x30~aria) 








Fig. 5 


Errore dovuto all’ influenza dei trattamenti termici subiti dal campione 
E stato posto in rilievo da alcuni autori [3], [4] che i diversi trattamenti termici 
subiti dal campione possono avere influenza sulle determinazioni analitiche eseguite 
per via spettrografica. 
Tale influenza é molto importante sopratutto nei casi dove non si sappia con 
esattezza il genere di trattamento che ha subito il campione che si deve esaminare. 
Quantunque non esista una trattazione teorica dell’argomento, riteniamo plau- 
sibile l’ipotesi che i diversi valori che si ottengono per effetto dei trattamenti ter- 
mici, possano dipendere essenzialmente dal fatto che una diversa struttura del me- 
tallo pud influire variamente sul processo di evaporazione dei singoli elementi. 
Tanto pit: plausibile é questa ipotesi se si consideri che tale evaporazione non avviene 


per effetto di una temperatura stazionaria sul campione, ma che tale temperatura 
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lia non @, con ogni probabilita 


juindi la distruzione dell’edificio 
importants 


rmain 1 uso nella 


scintilla i. tensions 
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spori che e in reiazione alla intensita delle diverse 
nsiderata separatamente dalla temperatura del campione 
esista un tipo di scarica che, sotto questo punto di 

» pi favorevole degli altri 


Con un tipo dl irica consigliato dagli A.R.L. sono state appunto condotte delle 


prove su diversi ti} lo per accertare l’entita del fenomeno E stato poi 


necessario servirsi Lg lo strumento statistico di cui si é fatto precedentemente 
cenno ossia della prova if onde elaborare i dati ricav iti ed esprimere un giudizio 
conclusivo 

Non si poteva infatti a prima vista giudicare se la differenza riscontrata tra le 
medie era puramente casuale o se viceversa essa dipenderva da qual he causa di 
natura fisica 





Ricerca delle principali cause di errore nelle determinazioni ant he eseguite 


Sono stati esaminati quattro tipi di acciaio le cui composizioni chimi he sono 
riportate in tabella nella Fig.5. Di ogni campione vennero prelevati quattro provin! 
i quali subirono il trattamento rispettivamente indicato nella tabella di Fig. 5 
Tutti i provini vennero poi analizzati al quantometro per dieci volte consecutive 

La tabella di Fig. 5 riporta i valori medi di queste dieci determinazioni per 1 quat 
tro provini, diversamente trattati, di ogni campione 

Leggendo su ogni colonna di tale tabella, si possono osservare le variazioni delle 


determinazioni analitiche nei diversi stati strutturali: ricotto, normalizzato, boni 


ficato e temprato per i campioni N.° 1, 2, 3 e grezzo di fusione, ricotto, normalizzats 


bonificato per il campione N 4 

Si é gia detto come le differenze che si riscontrano nelle medie non possano senz’al 
tro essere assunte come indicative Sussiste infatti una certa probabilita che la 
differenza sia dovuta ad una ragione esclusivamente casuale 

Nella tabella di Fig.6 sono riportati i risultati della prova di ,,t‘‘. Tali valori 
di ,,t‘‘ sono ricavati dal confronto di due provini del medesimo campione diversamente 
trattati 

Tale prova é stata pero esclusivamente eseguita per le coppie che presentavano 
differenz maggiori; accanto al valore di ,,t‘*. é riportato, per comodita di inter 
pretazione, l’attributo di significativita. Tale attributo permette di pil fondata 
mente giudicare se la differenza osservata tra le medie della coppia cui si riferisce 
sia veramente dovute ad una alterazione della determinazione 

Come si puo esservare, le differenze ,,significative’ si distribuiscono piuttosto 
disordinatamente ma c’é da rilevare subito che tali differenze si presentano come vera 
mente significative solamente in nove casi su centoventi, ed anche in tali casi le 
differenze sono piuttosto piccole (inferiori al 3% del tenore dell’elemento) e percio 


di non eccessiva importanza se si consideri l’errore della misura 


3. Confronto delie determinazioni del quantometro con le determinazioni ottenute 
per via umida 
In base alle prove e alle considerazioni precedentemente fatte, siamo ora in grado 
di prevedere l’errore finale della determinazione quantometrica. Supponiamo di 
possedere degli standards di concentrazione nota, i quali presentino una dispersione 
eguale a quella dei provini che debbono essere analizzati. Se si esegue la calibrazione 
con una frequenza sufficiente ad annullarne la instabilita, e se tale operazione viene 
eseguita due volte, abbiamo gia visto [vedi formula (13)] che l’errore finale si 


riduce a 


Ne viene di conseguenza che gli errori finali per i diversi elementi, tenendo conto 
degli error! di riproducibilita riportati in Fig | potranno essere stimati secondo la 
seguente tabella 


Mn Cr Ni 


2,08 2,01 ° 1,78 % 3,48 ° 


Da notare che in questa tabella gli errori sono dati come percentuale dei diversi 
elementi. e che i valori indicati sono stati ricavati da 250 analisi effettuate su cam- 
pioni diversi e che quindi possono essere considerati come media Essi quindi non 
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si possano ottenere delle analisi pil o meno 


escludono che in quale he caso particolare 


precise Occorre pol notare che le cifre date nella tabella rappresentano degli 
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Ricerca delle principali cause di errore nelle determinazioni quantometriche eseguite 
errori tipici. Cid vuol dire che si ha soltanto una probabilitaé eguale a 0,68 che la 
misura abbia un errore minore. Se in qualche caso si dovesse dare dei limiti sicuri 
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Fig. 10 


entro i quali si trovi il vero valore della concentrazione dei diversi elementi, allora 
i valori della tabella dovranno essere moltiplicati per tre. In questo caso, come 
abbiamo accennato, e come si potrebbe dimostrare, abbiamo la probabilita 0,99733 
e quindi solo ora la certezza pratica che il vero tenore giace entro i limiti di tolleranza. 
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terminazion: quanto metricih 


questi risultati che abbiamo dedotto calcolando l‘errore finale 
degli errori parziali, riceve una sufficiente conferma nel 


ioni analitiche ottenute per via chimica con quello ottenute 


eseguire riportando in un diagramma in ascissa i valori 
e in ordinata i valori ottenuti dal Laboratorio Chimico 
9 «lO rappresentano ippunto tali di igTamMMNil: essi sono stati ottenuti 


lori di un centinaio di analisi di routine sia del Laboratorio Chimico 


torio Spettrogi ifico 


Su tali grafici sono state riportate delle rette 


1 ceTto vaiore d 


lello scarto tra le due determinazioni. Benché in questo 

le due determinazioni sia aumentato dalla presenza di un inevitabile 

Laboratorio Chimico, pure si puo notare la significativa 

‘arti medi riportati nei grafici con quelli degli errori tipici riportati 
1 precedente 

ricerca che abbiamo condotto non puo fornire, naturalmente, che 

uli ed indicativi giacche conclusioni definitive potranno aversi sol 


base di una ricerca condotta su un grande numero di tipi di acciai 


Conclusione 


messi di esporre in questa relazione i risultati della nostra esperienza 
punto di un apparato A.R.L. per l’analisi spettrale a lettura diretta 
principalmente di indagare le pili evidenti cause di errore di tali analisi 
li strumenti e metodi statistici che permettono una piu esatta valutazione 
ed una pili rigorosa impostazione della indagine. 


Desideriamo esprimere alla Direzione degli Stabilimenti Siderurgici della Sox 
Terni i nostri ringraziamenti per la liberale comprensione e |’incoraggiamento che 
ci sono stati di inestimabile aiuto ne] lavoro di messa a punto del Quantometro 


A.R.L., e per aver autorizzato la pubblicazione di questa memoria 


Desideriamo in particol ire ringraziare |’Ing. C. FoRNACT, Capo del Servizio Studi 
Prove, ed il Dott. E. Martanescut, Capo del nostro Laboratorio Metallografico 


Summary 


A complete analysis of measurements made in the early stage of using an A.R.J 


quantometer 
adapter for steel analysis is described, in terms of the standard deviation (e.t 


in text) of the 
‘rror from various sources. The contributions made to the error by the recording channels, 
the source, the method of calibration, and the degree of homogeneity of the samples are se pa 
rately discussed. Finally, mean standard deviations are reported for Si, Mn, Cr, Ni and Cu 
in steel. Graphical comparison of the quantometric and chemical analyses obtained in routine 
Work 18 also made, 
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Quantitative spectrographic analysis of the rare earth elements 


l\ Determination of cerium. pr iseodvmiun ind neodvmiun 
\ Determination of lanthanun is l im ind neodyr 
VI. Determination of lanthanun riun ind neodymiur 
Vil. Determination o seodymium in neody1 
V ELMER A. FasseL, HARoLp D. ¢ ,AIR KrotTz, and P . KEHRES 
Institute for Atomic Research and Department hemistry, Iowa State College, Ar lowa 


j 


The chemical properties of the rare earths are so strikingly similar that mixtures 
of these elements defy analysis by the usual methods of analytical chemistry, except 
in a few cases (cerium and europium) where changes in oxidation states may be 
effected Although a majority of the rare earths can be determined spectrophoto 
metrically by means of the characteristic, sharp absorption bands of aqueous solu 
tions of their salts [1 2), [3], the absorbancy of the bands is not sufficient for 
measuring rare earth concentrations below several per cent. In this paper, emission 
spectrographic methods are described for the quantitative determination of those 
rare earths commonly associated with purified lanthanum, cerium, praseodymium 
and neodymium, either during fractionations or in the separated “pure” rare 
earths. This investigation is a continuation of work described in earlier communica 
tions from this laboratory 4], [5]. In one of these [4], the determination of samarium 
in neodymium was presented 


\pparatus 
The sper trograph external opti al system, excitation source, and electrode assembl\ 


which were used in this investigation have been described in detail in a previous 
paper [4]. Other pertinent experimental details are summarized in Table | 


lable ] Operating conditions tor the analysis ol 





Spectrograph Jarrell-Ash 6m stigmatic grating spectrograph 


» 


| pper electrode (cathode Graphite rod, 3mm diameter, 25mm long, poll d at one 


Lower electrode inode Shallow thin walled graphite electrode Hmm diameter era 
| f 

phite with 2mm deep cavity and wall thicknes 2 mn 

containing a 1:1 mixture of the ignited rar th oxides 


ind 200 mesh powdered graphite ( is supported on 

3mm gr iphite yy destal 

Analytical gap $f mm 

Excitation sources Di are 

Length of exposure Sample arced to complete consumptior 

Emulsion Spectrum analysis No. 1 (3000-4300 lak 4000 to 
5000 A 

Wavelength region 3300-4600 A, second order 

Development {min at 21° in Kastman Kodak 

Densitometry {RL comparator-densitometer 


Emulsion calibration I'wo step sector, preliminary 





niused with a bt r ral sensiti\ 
lak M plate 
1300-6700 A 





Excitation conditions 


Selection of analysis lines 
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Quantitat 


Nd 4446-387 ; 
line for analytical purposes, [see tig where 
Pr 4445-155 


lines whose ratios reached a constant. finite value on repe 


subject to line interference from the matrix rare earth [see 
Thus, the residual cor 
rection determined for \ 
the Nd 4451-566 line in 
Fig. 1(A) was entirely 
caused by line inte 
ference and the working 
curve shown in Fig. 1(B) 
was in error. Virtually 
all of our line selection 
and line misidentifica 
tion observations were 
made on spectrograms 
of successive column 
fractions 
Although the data 
plotted in Fig 1(C) show 
that Nd 4446-39 was free 
ot spect! il line interference. the microphotomete recordings nown 


and (C) indicated that Nd 1400-83 possessed gre iter detective and determinative 


tivity than Nd 4446-39, even though it was subject to interference from a verv weak 


aA 
v'"U 











praseodymium line ‘| hus, it was oc asionally desit ible to use lines ubie ct 

interference in the interest of obt uning maximum detective sensitivity. T 

and const inc.’ of such interferences were also evaluated by means of intensit 

measurements and microphotometer recordings on successive column fractions 

example Fig 3(A and (B show that the weak interference Ww nm tie Nd 1061] 

used for the determination of neodymium in cerium attained a constant value during 
* A SINcI 
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response was usually not possible because of the lack of these data for many r embers 
of the rare earth series. In these instances, the line pairs were s¢ lected ¢ xperiment ally 


by observing the effect of the major excitation variable, the arc current, on line 


pairs chosen on the basis of temper iture classification data t ; ind wavelength 


proximity. Fig. 6 shows that two to three-fold variations in a1 urrent had little or 
no influence on the intensity ratios of most of tl! 
Nd 3973.27 


e selected l * pairs, except that 


lecreased as current increased nm poten 


of this line pair ll within the usually 


appeal to be the ! result of the shght ditterence 


the matchin mn potentia 


action 


Calibration experiments 
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Port ; 
Pertinent ex 


istla 
lable 3 nmarizes the ivel 


dete rmimati@ 





$293-46* 


$408-R4 


$540-15 
4400-84 
$401-35" 
Pr 4408-84 
Nd 4419-62 





*W avelength yy the authors 





Lecuracy 














the determination of cerium and 


our labor y rl L] The comparison ot results 
issimetrii Tiuorescimetri ind volumetri proced 


determinations” 


ITLIsSsi nie 


ink ClypDE E ED, GreorGcE (. Ket 


und Mary K. Fasset for their expt rimental assistance 
the fluorescimetric de 


H. Herpe for performing 
Epwarps for performing 


the volumetric cerium 


Institute fe Atomic Research and Department 
\mes 


Ames, lowa. Work was pe rformed in the 


Lhe Use 
ines Where changes 


mined spectro- 


concentrations 


Mi 





References 


1949 16 ¢ 


209 





Spectrochemical analysis of high purity lead 


Ray C. HUGHES 


Introduction 

rather high purity, an assay of 99-99 being 
cassionally approat hed | Even so, the 

zed; the residual impurities in the best com 
on such properties as hardness, grain 

idation and tarnishing | 1 Z 3 
if silver will 
+) has shown 
intimony content increases 

S curve toward zero antimony con 


become negligible if antimony could 


ind JAENICKE [5] as reported by 


ise, since a very pure sample ol 
ight and untarnished h iving nearly 
Other examp f the influence of a few parts pet 
properties of lead are cited by SCHOPPER. SCHI 
scussion of extensive experience with the effect of 
ead of the highest av tilable purity 
be identified and determined since 

e prope rties of the sample 
ip to 99-99 is exceptionally 
single determination) are required 
solutions handled are large Blank 
reagents, and glassware are large 
irchs imples of high purity lead (99-999 ‘ 
vsis become ll on for example 
ited i to have required 
rminath I ole element In summary 
nen il analysis of high pr lead is extravagant of 

ind uncertain in 

ve been employed with excellent results for the 
id. However, there are no published descriptions 
unalysis of high purity lead. Indeed, one description 
spectrog! ipl ic method licates that the method is of in 
the analysis of electrolytic lead. It is of some interest to 
sensitivity attained and reported in previous work [8], [9], [10], [11] 
14 15] on the spectrochemical analysis of lead. A summary of sensi 


ity limits obtained is presented in Table | 
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Re ported sensitiviltes 


Sensitivity limit, p 








Excidation Spark 








In the present work it was attempted to extend the range of spectrographic 
analysis of lead downward from the previously reported lower limits as much as 
possible The range from 10 p.p.m 


down to the extreme limit beyond which no 
impurities could be dete 


ted spectrog! phi illy was therefore investigated Beyond 


spectrography the application of concentration procedures 
followed by spectrography of concentrates was investigated as a means oT in reasing 


the lower limits for direct 


the sensitivity of qualitative detection of impurities. The 
Bi. Cd and Zn were included in the study 
attempted 


elements Cu. Ag. Fe. Sn 


Determinations of antimony though 
could not be made below about 3 p.p.m results for 


this element will 
not be considered here As. Se Te and §S 


though common contaminants of lead 


were not investigated due to the known lack of sensitivity of ordinary spectro 
graphic methods for these elements 


Experimental techniques 


The general experimental approach involved the preparation of high purity lead 


containing no spectrographically detectable impurities, the preparation of standards 
by addition of known quantities of the various impurity elements, and by use of 


these standards, search for conditions which would give maximum sensitivity 
The best available samples of high purity lead were examined spectrographically 


to determine whether they were of adequate purity for the preparation of standards 


All were found to contain significant proportions of impurities, espec 
and Fe. One sample described by Wricut [16], and stated to be 
purity, presumably might have been suitable but is no longer available [17 
therefore necessary to prepare a sample of lead of the required purity The 


illy Cu 3] 
oft 99-9998 
It was 


means 
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lescribed in deta | elsewhere 18 ind outlined 








to consistently pive spectra 
made, with the exception of 
lements is believed to be due 
ction ind ot concentrates 

were reduced well below the mini 


Vv airect spectro 


rrapny oft the main sample 


was prepared from the high purity lead by solution in nitric 
ions of standardized nitrate solutions of the impurity 


Standards of diminishing impurity content were 


prepared by addition of proper proportions of the maste! standard to pure lead 


nitrate solution. In this manner standards ranging from 10p.p.m. down to 0-01 p.p.m 
impurity were prepared, each decade being divided in the steps 1, 0-7 
que for solution of th id is similar to that described in connec 
preparation Pre u ) observed to avoid contamination are 
quently 

toward est iblishing the 

the highest sensitivity 

simple procedure of subjecting the entire series of standards 
to various sper t pre cedures ind ex iLmining pl ites visually to determine 
the lowest concentration level to which the strongest line of each element persisted 


By the same technique, the lines giving maximum sensitivity were determined 


Subsequently in i 1 were obtained through an 8 step 1:1°5 ratio 
rotating step sect jua I ti calibrations obtained by the method of 
STROCK | 19 

It was necess iry to develop methods for the prepal ition of high purity lead and 
methods for its analysis simultaneously, successful conclusion of each phase of the 
investigation depending on the other. Consequently much preliminary work of an 
unsuccessful nature was done. No attempt will be made to describe all methods 
tried, and results obtained only the more successful final results are presented 
The spectrographic procedure found to give best sensitivity is described in the 


following sections 
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Sample Preparation 
Sample reduced ! | ‘T hips } meat f 
weighed into a pl 
imple is dissolve 
concentrated nitric a 
ip to 10-00 ml in P 

One drop (0-031 


wa) ff 


(pparatus 
ein, 8-34 A 


Spectrograpl (,rat 


Excitation sour 


karcitation 
Sample areed 2n 


| rposure conditions 
Spectral region, 2OO0—4000 


Slit width, mn 0-025—0-030 


’reburn . None 


! 
Exposure period, minutes 9 


Spectrum recording Plates, HKastma» 
sensitized plates used for recording Zn 2138 
Densitometer Hilaer Non-Recording 


Photography 
spectra recorded through an 8 step 1-5 


grading, sample spectra are inter persed 


Photographie processing 

Development: Kastman D-19, open tray 
Stop Bath: Flowing water, 15 se 
Fixing: Kastman F-5. 5 min 
Washing: Flowing water, 10 min 


Drving Air dried it roon ten perat ire 


Plate evaluation 
Visual Sample spec ‘ Cor pared 
standards By interpolation NNposition iluated 
or whol part per muillior 
Photome trie ay n 
n several preterabl 
for each line Ihe 
taken as the 
by retere! ‘ 
element 
Results 

The wavelengths of lines (within the 1 inge of 2000-4000 A) found to Oly l imun 
sensitivity and the sensitivity limits established are listed in Table 3 

The lines listed above with the exception of Fe 302 are those common! 
cepted as the most persistent arc lines 

The sensitivity limits recorded in Table 2 are the minimum proportions 


to consistently produce spectra containing the indicated lines, or in the « 
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e intensity con pared “ th the spec 
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selection oO conditions whi 


ground, and the 








exposures which produce some bach 
ground over the entire length of 
spectrum thus overcoming 
inertia Im the ot zim 
cadmium there is added im 
vement due to the use of raves 
Ultra violet ensitization 

piates is necessary in making 
unalyses for zine and cadmium 


otherwise oT the pl ite hecomes 


ire sh wri itt 
ipproximately 

the determination 

gle determination 

will be discussed 

he electrodes results 
termined entirely by visua 
ete ti two Photometri 


Irom SOO 1 


) aetection 


procedt 
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made Ihe 


pl Lerice 


in reducing 


{( ontamina 
is dust 
pre¢ Lutions 
ignificant 


le vel 
method 
visual « 


the 


value 


cif cribed 


om parison 
determined 

Chroughout 
singk determination 
ssive improvement 
content for which 


poor precision 


und accuracy. First 
opportunity to choose homologou 

ve intensity is rather 
ickground recorded 
on the lower, non 
iV to poor act uracy 
ntal contamination 
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hemical and speectrographic 
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il ind Spe 
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Approy il for publication of this n 
Director of R rch, Philips Laborat 


This wor} supported in part 
Air Materiel Command 
paper pi 


a spectra r currel 


graphed on kastma | um sis No. | viole 


iting spectrograph of 8-34 A/mm reciprot il 


; 


sensitized f Zinc) by use of a stig 
dispersio! Provision is made for quantit measurements by photometric comparison of 
line intensities with the lead lines 3118-92 and 2218-08 employed as internal standard, and for 
semiquantitative determinations by ymparison of sample spectra with spectra of 

f 


suitable standards. The minimum detectablk yportions of impur 
weight, are as follows: 0-01 Ag; 0-03 of Cu and Cd; 0-05 Zn; 0-3 si and Fe, 0-1 Sn 


n parts per mullior 
Concentration procedures which provide at least ten-fold increase in sensitivity are described 


rhe method, though not of high precision, represents : 
accuracy, within the range covered, over other known methods for the analysis of high purity 


in improvement in sensitivity and in 
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Recherches sur analyse des mélanges liquides par spectrographie Raman 


GILBERT MICHEL 


1. Introduction 
ndu jusqu’éa présent de grands services er chimie 
plan quant itil que quantitatif 
utilisée depuis 20 ans, a fait ses preuves, alors qu'une 


rntit 


intitatifs ne nous laisse pas une impression de parfaite 
s obtenus sur des mélanges binaires ou ternaires sont 
.UBEAU et THALER [1], ROSENBAUM et ses coll. 


R. Stam [3 N t]. DEBEFVI »], RANK et ses coll. [6] lattestent 


} 
t 


plupart ce vaux ont été effectués par enregistrements photographiques 
3 j 5}. Rank et ses coll. [6] sont les premiers a utiliser l’enregistrement 
toélectrique 
Malgré tous ts encourageants, on se rend compte que quelque soit 

e type d’enregistrement utilisé, on se heurte rapidement a des difficultés provenant 
les superpositions de raies lorsque le nombre de constituants du mélange augmente 


( te lacune iutant plus etonnante que RANK avait, en adoptant le coefficient 


le diffusion comme mesure de l’intensité de l’effet RaMAN, proposé l’outil de travail 


ii 


cessaire a ia : Lu point d’une telle méthode 

Pour mettre rofit les coefficients de diffusion en analyse quantitative, on 
it simspirer de itilisation des coefficients d’extinction en spectrophotométrie 
ibsorption 

D’aprés la théor le PLraczeck, l’intensité d’une raie RAMAN caractérisant le 


u & un état v peut s’écrire sous la forme suivante 
A V Y, 4- Ph (1) 


mul V est i concentration molaire de la substance \"o , ‘ fréquence 
KaMAN et [P)* est le facteur de probabilité de transition. 
Pour une proportion molaire n; donnée de la substance «i», tout le terme 


'. (P), représente l’intensité de diffusion 7" & une constante pres ; nous 


crire ir plus simplement 


] 


uu ad : ( ficient de diffusion de la substance «i» a la fréquence 3 


lépend des instrume! utilisés 
Pour un mélange + p constituants dont les coefficients de diffusion sont d), 


/ pour les fréquences ¥,, 5, ., nous pouvons dire que 
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l‘intensité totale d’une raie RAMAN & la fréquence »; est « 


sités dues a chaque composant du mélange 


Kn appliquant la méme eq 
svsteme de j equations line Line ul pre ry 


Afin de rendre | sures indépendantes de la dur 


la source, et« nous a ions compa r ce int 


159 em! du CCl 


ensit¢ a 


‘ 
; 


ou Nous pre nons 


lec 


Nous obtenons ainsi des coefficients de diffusion relatifs dans un systeme d’unite 


ou le coefficient de diffusion du Ct I, ila frequence 459 em est « | 


gal a Vunite 


Cette méthode doit permettre la résolution de cas d’analvses complexes ee 


pendant avant de pouvoir l’utiliser expérimentalement, il est important de vérifier 
Vhvpothése fondamentale sur laquelle elle repose. a savoir que Tint: té ditfusée est 
; | I { 


nsile 


proportionnelle au nombre de molécul S dij fjusantes 


La méthode la plus immédiate pour vérifier cette hypothése consiste a préparet! 
une série de mélanges binaires et de vérifier la validité de la relation 


1 


l, 


pour une paire de rai¢ ne presentant pas de superposition, 

Les travaux publiés ur cette question ne permettent pas de trancher la question 
en effet, les résultats de R. Stamm [3], VAN DER Vet [4] et de D. H. Rank [6 
vérifient la relation [5], alors que d’autres chercheurs la mettent en doute 


ns! 


HANLE et HEIDENREICH [7] concluent de l'étude de mélanges benzéne-dioxane que 


la lol de proportionnalite est en défaut pou! les faibles concentrations en diox ine 


Notons qu’en contradiction avec ces résultats. ( M. Ricuwarps et J. 
NIELSEN [8] ont prouve qu’en tenant compte des superpositions la 
pour toutes les concentrations en dioxane 

Reprenant les travaux de HANLE et HEIDENREICH, Got 
concluent que pour ct rtall élanges, la valeur de k est constante 
zones extrémes de faibles concentrations d’un des constituants et que pour d’autres 
tels que benzéne-cyclohexane, benzene-toluene, les écarts trouvés pour tout | 


THALER [1 


saul pour les 


o 
domaine de concentration sont tels que la relation [5] n’a plus aucune valeur poul 


un travail analytique 


A. DEBEFVE [5] semble confirmer ces résultats et attribue les écarts a ce qu'il 
appelle un «effet HANLE-HEIDENREICH» 





incohérence des résultats, nous avons décidé de reprendre étude 
de ce probleme en envisageant les cas de mélanges de substances non 


subst inces associees, 


Appareillage et technique 
lyse qualitative présente un intérét certain, surtout pour les mélanges de 
inces donnal tT eu 1 aes associations 


is les sper tres utilises poul l'analyse qu ilitative ont été pris au grand spectro 
e Huet B, équipé de trois prismes en verre lourd (7 A/mm vers 4500 A) 
< mesures ce trequences ont été faites ce trois ta ons différentes 


Lu com parat¢ ir Zeiss 


des microphotogrammes 


sur des agrandissements (14 photographiques; cette méthode est tres 
intéressante pol ectres pris A grande dispersion (45 cm~'/mm); l’agrandisse 
ment présente ainsi une dispersion de 3cm-'/mm. Bon nombre de raies faibles 


difficileme1 perabies au comparateul peuvent étre mesureées par ce moyen 


(bh | 
Travaillant par enregistrement photographique, la détermination précise et exacte 
des rapports d’intensités des raies est subordonnée a la mesure du gamma (co 


ms 


traste) de la pl rque ilors que pour les travaux d analy ses sper trales 


courants utilisant la plaque photographique, il est suffisant de disposer d’une 
méthode d’ét Llonnage sensitometrique reproductible il est absolument indispensable 
pour donner une réponse certaine au probléme qui nous préoccupe, de déterminer 
le coefficient de contraste exact de la plaque. En effet, si /” représente le coefficient 
de contraste mesuré et que J’ est le coefficient de contraste correct, la relation ex 
périmentale qu’on obtiendra pour un mélange binaire satisfaisant a la loi de pro 
portionn ilité sera la suivante 

: a Boe SE (6 

I, 


On voit ainsi que des écarts expérimentaux & la loi de proportionnalité peuvent 


provenir simplement d’erreur systématique de sensitométrie. Ce fait est illustré 
. . / n 
par la Fig. 1: pour un mélange obéissant a la loi de proportionnalité, le log r . —* est 


constant en fonction de la concentration, si le coefficient de contraste est correct 


tandis que des écarts importants sont observés si /” est différent de I’. 

Les mises au point expérimentales indispensables a la résolution du probleme 
posé ont porté sur les facteurs suivants 

1. le choix, la réalisation et |’étalonnage correct d'un filtre sensitométrique 

2. le choix et |’amélioration d’un microphotométre en vue d’obtenir des mesures 
de densité de noircissement precises et exactes 

3. la recherche d'une représentation plus adéquate de la courbe sensitométrique 
de la plaque 

Les points 1. et 3. ont été traités en détail dans un article précédent [9]; nous 
y avons donné les détails de réalisation d’un filtre sensitométrique a échelons 
parfaitement neutre dans la région intéressante pour les spectres RAMAN excités par 


»))/( ) 
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la 4358 A du Hg, ainsi que la méthode an ilytique permettant d’obtenir une courbe 
d’étalonnage de la plaque photographique qui soit rectiligne aussi bien dans 
ZONE d’ex position normale que dans la zone de sous exposition {rem 


ISS 


la densité de noircissement classique pal la densité de noir 


D’ = log (1 —K 
/ 


Une des pring Ipale s sources d erreul 


contraste reside dans Vétalonnags du Tl 


+ | 


I Taire t etaionnage dans 


CONSIStTe a 
lente 

n mesurant i intensit 

transmise par ¢ hacun des échelons au 

moyen d'un multiplicateur d’électrons 

|1P21R.C.A.) monté derriére une fente 

disposée dans le plan focal du spectro 

graphe. Le multiplicateur d’électrons est 

alimenté par un stabilisateur électronique 


et relié a un sy steme de mesure galvanométrique. Cet étalonnage a été effectué 
aux différentes longueurs d’onde suivantes: 4300 A, 4500 A et 5000 A en utilisant 
comme source lumineuse une lampe a ruban de tungsténe 

Une seconde source d’erreur dans la détermination du coefficient de contraste 
de la plaque peut provenir de la mesure microphotométrique: nous avons constaté 
en effet que si, nous imprimons sur la plaque photographique le spectre du filtre 
sensitométrique avec la lumiére continue d’une lampe &@ ruban de tungsteéne, le 
coefficient de contraste obtenu en effectuant les mesures de densité de noircissement 


au moyen d’un microphotomeétre Kipp en Zonen ou Zeiss sont les mémes alors que 


les courbes analytiques log I, I, en fonction de log Ny/ No obtenues aux deux micro 
photomeétres sont différentes. 

Il ne faut pas perdre de vue que les mesures microphotométriques pour |’étalon- 
nage de la plaque s’effectuent sur un spectre continu et aue la courbe obtenue sert 
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1 transtormer en intensite, les densités de noircissement des raies. Nous avons pu 


ontrer que cette Tacon d’opeére rest correcte uniquement pour les mesures effectuées 
yphotomeétre Aipp; ce dernier seul donne en effet le méme coefficient de 

iussi bien avec un spectre continu qu'ave un spectre de raies. 
Signalons enfin, que, en vue de mesurer plus sirement le fond continu des spectres 
RAMAN, nous avons perfectionné le microphotométre de Aipp en substituant au 
thermocouple, un multiplicateur d’élec 


trons branché sur un enregistreur a plume 


BROWN 


La spectrographe utilisé dans cette étude 

le Huet B, dont lobjectif de chambre est 
ivert & F/4,7 et dont la dispersion est de 
nm vers 4400 A. La source est un brileur 
LoIs horizontal en quartz de 750 watts. Le 
1isceau lumineux de la lainpe est focalisé sur 
miroir plan en aluminium disposé sous le 


tube RAMAN; ce réflecteur concentre la lumiére 


dans le plan médian du tube parallélement a 
la fente du spectrographe 

Le tube RAMAN du type Dupont est régh 

ns l'axe optique du spectrographe et appli 

qué contre la fente par lintermediaire d’un 

nt en caoutchouc 

La lumiére de la lampe Gallois traverse un 

fiitre double Nitrite-Rhodamine ou Kosine 

Wattren 2A; l'une et l'autre combinaisons ab 

orbent lultra-violet, une bonne partie de la 

4047 A et de ses satellites et atténuent i 

de la lampe de 4400 a 4900 A 

8 spectres RAMAN ont été enregistrés sul 

laques «Studio» ade la firme Guilleminot 

nt ete développees pendant 9°30" a 21° ( 

le révélateur no. 1 de la méme firme 


au 


filtre sensitométrique, afin de pouvoi 
développement et au matériel 


leul d’erreur affectant la méthode; 
iable A lobtention des D’ les plus 


s erreurs faites sur D’ et sur J qui sont ¢ ilculables comme 
{) . 4 2 2 ‘ 
-" i | (9) 
A 


nsités de noircissement du sommet 
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Recherches sur l’'analyse des mélanges liquides par spectrogr Ran 


Le I’ peut étre caleulé soit par la méthode mathématique des moindres carrés, soit par 
méthode graphique habituelle en prenant la tangente de l’angle que fait la partie droite 
la courbe sensitométrique avec l’axe des abcisses 
Dans ces considérations, nous avons pu tirer les conclusions suivantes: 


1. les erreurs faites sur le log |* restent faibles tant que les valeurs 


voisines et comprises entre Oi 5 (voir la Fig. 2 
2. pour un mélange binaire C,H, ,, ’erreur théorique est « 
que l’erreur expérimentale; ceci est di au fait que les caleuls théoriqu 
granulation infiniment fine; on peut done conclure que dans 
grosseur du grain et les Impertections de | plaque sont les pring 


precision, 
I. Etude de quelques mélanges binaires de substances non associées 
(a) Etude des fréquences 
Les mélanges suivants ont été étudiés 


C,H,.+CC,, C,H,—CH,+ CC, C,H C,H,—CH,, C,H C,H,. 


4” 6 


Nous n’ avons remarqué aucun changement de fréquence dans le spectre du 


mélange, qui est exactement égal a la somme des spectres des constituants. 


(b) Etude des ante nsités 

I. Mélanges C,H,, +- CCl,: Un do Ts 
ui 
- 


maine de concentration allant de 
5 & 65% molaire en CCl, a été couvert - W 
au moyen d’une dizaine de mélanges if 
binaires préparés par pesées. 

Nous avons considéré les raies 
suivantes 


sH,,.: 803 em, 1031 cm™, 


1270em~', 1457 em 
CUl, 459 em. 


Les courbes analytiques log |! 


filog ™ (courbes A de la Fig. 3) 
vl 


sont bien des droites a 45° et le 


logk, 7 est bien constant méme pour 
les faibles concentrations en CC,, 
contrairement a ce qu’on était en 
droit d’attendre d’aprés les travaux 
de HANLE et HEIDENREICH 

La précision analytique est ex 


irbes analy ct 


cellente, puisque l’erreur absolue = ™ 
moyenne pour les 4 paires de raies étudiées oscille entre 0,35 et 0,60°% ; l’erreur 
quadratique moyenn erelative varie entre | et 2%. 
2. Melanges C,H,—CH, + CCl,: Les 8 mélanges binaires préparés par pesées sont 
échelonnés de 10 & 60% molaire en CCl, 

Nous avons étudié le comportement des raies suivantes: 


C,H, CH, 5llem™, 617 em, 778 ecm", 999 em", 1028 em, 1204 em, 1375 em 


1604 cm 


cA 459 cm 





prepare par pe SCC 8S mélanges qui 
entration allant de 10 a 80 molaire 


on de proportionnalite 


partaitement 


nt excellents puisque lerreur moyenne 


t ve dépasse a pene 


en C,H,, 


» 
? 


movyenne i 


environ 40 molaire 


ressembie fort a ¢ i qui a ete signalet 


ivons acquis la certitude que 


tte s courbes des Fig 


diffusion relatifs 


s valeurs obte nue 


superposit nm ‘ 


i’ 


et 1604 7' ne sont 





pas perturbeés par des superposition 


hexane a | rence 1204 en ! 


Etant donne superpositi 
meianges cycionexane Toluene 


de proportions: lite f t 


























La concordance Fig » est partaite 








les écarts ala linéarité obse rveés sont bien 





dis a une superposition 





Ces résultats prouvent non seulement meét 


proposee est partaitement ipplic ible 


loi dé proportionnalite n @tait 
f Me lange , he nrerve 


de ce méme mé! inge poul le quel LrOU BEA 


encore 
ju appare 
iclohexane: I1 no 


et THALER 


importants a la loi de proportionnalité d 


aans tou 


Nous avons utilisé les mémes raies que les auteurs 


1031 em™' du cyclohexane et la raie 992 em™ du benzene 


L’ étude a port sur 11 mélange s échelonnés « ntre 4 et 70 


1031 ¢ 


Les paires de raies et 
992 B 992 B 


voir Fig. 6) vérifient parfait 
de proportionnalité jusque 85 molaire en cyclohexane: a parti 
courbes s’‘incurvent de la méme facon 


‘pe = 


eiv 





étaient dus a |! superposition de la raie du 


lohexane et ce ; itellite / 


Ldu eve 
Nous pouvons vérifier 4 nouveau ces faits 
tivement en nous servant des coetti 


diffusion. La courbe corrigée, ob 


ition 


rit droite 
domaine de concentration 
la relation théorique [5 


precision inalytique obtenue est ex 


Discussion 


HANLE et HEIDENREICH, de GovuspEavu et TH 
imené aux conclusions suivantes 

|. Toutes les paires de raies 
sans exception, utilisées par ces 
1uteurs dans l'étude des mélanges 
binaires pour lesquels ils ont trouvé 
des anomalies pour les faibles con 
centrations d’un des constituants 
sont attecteées pal des Su pe r positions 


voir tableau 2 

2 En ce qui concerne la veritica 

tion de la loi de proportionnalité dans 

le domaine des concentrations inte1 

médiaires nous avons constaté que 

a) pour les mélanges tels que 

CH,—OH CCl, parexemple étudiés 

par GousEaAu et THALER oi I’éta 

lonnage sensitométrique des plaques 

a été fait en utilisant des exposi 

tions & temps de pose crois sants, 

a les résultats sont en assez bon accord 
avecla loi de proportionnalité 


b pour le mélange C,H C,H,, signalé dans le tableau 2, au contraire, 


6 


les écarts observés par ces auteurs sont tres importants alors que nos mesures 
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concordant parfaitement avec les résultats publiés par Stamm, sont en parfait 


accord avec les prévisions (voir Fig. 7 

Or, GouBEAU et THALER signalent qu’ils ont fait appel, pour ces mélanges, 
a la méthode d’étalonnage de la plaque par condensateur de HANSEN. II semble 
done que ce soit dans la technique sensitometrique qu'il faille chercher la cause de 
ces ecarts importants 


Tableau 2. 





Dioxane HANLI i! dioxane & peine distante de 
H EIDENREK H l benzene superpositions ; 
CHARDS et NIELSEN 
Poluéne GOUBEAU-THALER 1080 ¢1 benzene toutes les raies de ce mél. pre 
1210 em toluéne sentent des superpositions 
C,H,, GOUBEAU-THALER, 1028 em! cycloh superposition du pied et de 
DEBEFVI 992 em benzene satell. f de la 1028 avee la 
992 
Toluéne GouBEAU-THALER RO2 « ! eycloh. distantes de 34 cm~ pour une 


768 em toluene dispersion de 250 em~'/mm 





If. Etude de quelques mélanges binaires de substances associées 
Aucune étude analytique systématique n’a été faite sur ce type de mélanges et 
aucune conclusion un peu générale ne peut étre tirée des résultats fragmentaires 
publiés juqu’a présent. 

GOUBEAU et THALER [1] ont relevé dans le cas du mélange CH,—OH + CCl, 
des anomalies pour la zone des faibles concentrations. 

Le travail réalisé par Pu. TRAYNARD [10] sur les mélanges alcools propylique 
et allylique, eau-alcool allylique, alcool allylique-CCl,, acétone-chloroforme ne porte 
pas sur un nombre suffisant de raies pour en tirer une conclusion générale. 

Quant aux recherches de M. JoeRGEs et A. NrkuRADSE [11], effectuées surtout 
en vue d’élucider le processus des associations dans le mélange ( H,—OH-acétone- So 
elles ne sont que d’un intérét limité pour nous. 

L’étude qualitative de tels mélanges présente aussi un grand intérét, car il 
existe en réalité peu de données précises et completes et beaucoup de celles-ci ont 
été obtenues avec une faible dispersion. 


Tableau 3 





Mélange 1:1 


Mélange 1:1 K OHLRAUSCH 


150 A 180 
262 
366 
440 
501 
669 
76] 
832 
841 
917 














vec ceux que nous avons 0 


dilferences 10 portantes iorsq ue 





sur | analy Sé 


comparons les spectres des constituants purs a 
celui du mélange 1:1. Si les raies des constituants 
se retrouvent dans le spectre du mélange avec 
des déplacements de fréquences en général faibles, 
il apparait par contre dans ce dernier des raies 
nouvelles. 

i) Entre 150 et 180 em~ apparait une bande 
floue et large caractérisant fort probablement la 
liaison O---H trés lache du pont hydrogeéne 


istant entre 1‘O de l’éther et le C du chloroforme; 


la frequence de cette bande correspond &a environ 


vad K calories par molk voir le micro photo 
gramme de la Fig. 8 Une bande semblable a 
déja ete mise en evidence dans l'eau, d'une part 
par M. MaGaT [13] (RAMAN) et d’autre part par 
CARTWRIGHT [14] (I. R 

ii) A céte de la raie 3020cem~ y( H) non 
associ du chloroforme apparait dans le mélange 


une raie nouvelle a 3010 en que nous attribuons 


i la vibration de valence du ¢ H associé. 


la Danae 
RAMAN du 
CHC! 





Irequences 


VM élange 


150 a 180 
261 2 960 (0) 
366 
108 410 
non mesurable 
590 | 
60Y 669 
760 760 
761 
945 945 , tf 954 
992 992 : L000 
LOS7 LOR7 i. } 1090 
1171 1171 , 1160 
1217 
1254 1253 
1343 non mesura 
1382 non mesura 
1417 1415 
1457 1455 
1712 1712 
PRR PRRS 
2901 2901 
2921 2920 m'F 
9940 2939 m 
2979 2979 ttf 
3020 3019 mf H 





Dans le tableau 4, Ch veut dire chloroforme et M méthyle éthyle cétone. 


999 











pius portants 


ia vibration ¢ 0 peut 


groupement carboxylique 





techerches 


Alors que le spectre de l’acide pur comporte trois raies: 1665 em~-!, 1709 em et 1764 cm 
celui du mélange compte les quatre rales suivantes dont les attributions sont basées sur l’étude 
quantitative des variations d’intensités au cours de la 


dilution de l’acide acétique soit par 
le dioxane, soit par le tétrachlorure de « 


irbone (voir pp. 233-4). 
1668 em= wif 0) dimeére de l’acide acetiq ue 
1706 em y 

1728 en } QO) du complexe dioxano-acétique 
1759 em 1 1) du monomere de l’acide cetiq ue 


En solution dans le CCl,, deux raies seulement apparaissent: la 1668 en 
‘ Py} 


4. VM élanges binaires d alceools propy ques normal et iso Nous n’avons tro 


de fréquence mesurable en passant des « 


onstituants 


(b) Etude des intensités 

1. Mélange éther-chloroforme: L’étude a porté sur 18 mélanges s’échelonnant entre 
11 et 72% molaire en chloroforme. A cause du grain des plaques photographiques 
et de la faible intensité de certaines raies (1220 em~! du chloroforme et 840 em~ 
de l’éther), nous avons pris au moins trois spectres de ( haqu mélange. 
Les raies suivantes ont été étudiées 


HC] 
604 cm 
761 em 


1220 em 


Les courbes de la Fig. 10 résument nos résultats. 
140 Et $40 Et 1454 Et 
761Ch’ 669Ch’ 669Ch 
de proportionnalite ; les intensités des raies 
+ Cl, du CH l,, et ( H, 


associations. 


Les paires de raies obéissent partaiteme nt a la loi 
caractéristiques des groupements 


CH, de l’éther ne paraissent pas perturbées par les 


$40 Et ' 840 Et 
1220 Ch 1220 Ch 


elles sont surtout attribuables a la perturbation de |’intensité de la raie 


Les paires de raies donnent lieu a des inomanes prononcees 


1220 em 
du chloroforme, comme le montre la comparaison de cette raie a la 440 em de 


l’éther qui est une raie non perturbée. La 840 cm@! de |’éther semble peu affectée 


par les associations (voir les courbes de la Fig. 10). 


Ces anomalies s’expliquent bien par le fait que l'association éther-chloroforme 
fait par lH du chloroforme et par VO de Véther 


La courbe du log Kyo 4209 présente deux maxima pour les proportions molaires 


en chloroforme de 0,5 et 0,66, qui correspondent bien avec les compositions des 


complexes suggérés par d’autres auteurs 


50 en CHC] 66 


CH. ' C,H 
cH, /O-4 a CH 


Parmi ces auteurs, seul Coop[16] avait réussi 4 mettre en évidence la seconde 


forme de complexe, en effectuant des mesures de constantes diélectriques a bass¢ 


température, oi: les associations sont plus fortes. Cet exemple met clairement en 


ey idence Vintérét et la sensibilité de l'étude des intensités de raies RAMAN non seule 


ment pour dépister les associations a | état liquide mais encore pour fournit des 


renseignements sur la formule des complexes formés. 





.erreur quadratique moyenne absolu 
s dosages n excede pas S| 
tinge meéthule-eth yle cetone thlorotorn 


nel inves ¢ tudiés Ss er helonnent en 


tre 
SU molaire en chloroforme 
intensites 


les raies suivantes 


ir l'étude des 


nous avons 


i 


Hi 


—_—_-— or 


~~. 


CH¢ 


. . 1087 M 
ll résument les résultats obtenus: la paire 


n est pas 
669 ( 
‘ 


constant 


es 
649 


ces raies vérifient la loi de 
pour 


proportionn ilité 
omme reference 


l'étude des autres raies 


232 
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POUT l¢ 


(‘ontrairement aux résultat , 
meél inge acétone-chloroforme irbées dan 


mélange méthvle-éthvle-céton 


i 


constance cle 


en CH(¢ 


eq imoleculaire 


) e 


omplexe 


H 
H 


Poul ce melange done encore DOSSIDI« 
lis 7 

iunalvtiaque eS wires de YALieSs 

: ! ' i HH t Ho ¢ 


utilisables pour un usag 
hien pour les 


fient parfaitement la t conviennent 


et elle est particulierement faible poul 


eTreul ibsolue nmexcece 
1415 M 


HH ( 


1.0 


Nous ivon explore un domaine cde concentration 


Mélange a ide acetique diorane 


molaire en acide ac etique 


) 
12? mélanges) 





mesures des intensités ont ¢ 


suivantes 


le courbes ce ia 
ent es resuitats obtenus pou! i¢ 


is0 1) rib 1130) 70 
pour 


lé pro portionnatite 


a courbe obtenue pour la pair 
62 


une seri cle points qui dans 

: d acide, s ecartent 

ia i ce proportionnatite cette anon 
peut étre due a la formation d'un complexe 
dioxano-acetique nous |lavons mis e! 
len par | apparition d'une nouvell 
1728 em qui ne se retrouve p 
spectre RAMAN dun melange 
icetique et d'une substance inert¢ 
is ou seules les rai 


ippal issent 





’ ‘ 


COOH , ' es els re H COOH 


confirmer les attributions des raies dues a la vibration de valenc 
{ ) nous avons suivi l intensité de celles-ci en la comparant a la raie 600 cm 
de acide acetique qui reste constante (voll Fig 12 L’intensité de la 1668 em 
dimere) diminue lentement avec une 1ugmentation de la concentration en dioxane 
lors que les intensités de la 1728 cm complexe dioxano acetique et de la 1785 cm 
monomere) s accroissent avec la concentration en dioxane 
Si l'on excepte la 827 cm ' du dioxane, les autres raies retenues pour | unalys 
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Les resultats sont trop Iragmentaire que pour pouvoll tirer une conclusion 


générale; néanmoins, il semble que méme dans le cas de mélanges de substances 
issociees. 11 soit possi ble de trouve! des paires de raies dont le rapport d’intensités 


reste constant lorsqu’on dilue un mélange déterminé par un troisieme constituant 


Résumé 
a aes pertectionnements techniques que nous ivons apportés dans 
determination precise et exacte du coefficient de contraste de la plaque 


représentation de la courbe sensitométrique de la plaque photographique 


mesure des noircissements de raies 
us AVONS pu établi que 
\) Pon 


proportionnalité entre le rapport d’intensités de deux raies et le rapport du nombre 
ie moles est partaitement veritiee dans tout |e 


ir les me ianges binaires de substances non associées, la relation théorique 
T 


domaine de concentration examiné 
es écarts observés par HANLE et HerpenrReicH, GouBgEau et THALER et DEBEFVE 
ne sont qu’apparents et doivent étre attribués a des superpositions de raies et a des 
eTreu&rs cle sensitometrie 

B Pout les meianyves bin iires de substances donnant neu a de fortes associations 
e spectre du mélange n’est plus la superposition exacte du spectre des constituants 
peut apparaitre des raies nouvelles: la relation de proportionnalité est vérifiée 


pour les paires de raies attribuées a des \ ibt itions moléculaires de fonctions n ‘inte! 


venant pas dans les associations; les raies dues a des vibrations de groupements 
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Recherches sur l’analys nélanges liquides par spectrographie Raman 


associés peuvent étre fortement perturbées dans leurs intensités. Nous avons montre 
que l'étude de la variation des intensités de telles raies fournit une méthode physico 
chimique intéressante d investigation des phénomenes d’associations a |’état liquide 

(‘) Pour les mélanges ternaires, |’influence du troisiéme constituant sur le rapport 
d’intensité de certaines raies du mélange binaire parait étre négligeable 

Comme il existe une relation simple de proportionnalité entre le rapport d’inten 
sités et le rapport des nombres de moles des constituants, il doit étre possible d’utiliser 
les «coefficients de diffusion» relatifs poul l’analyse de mélanges plus complexes 

Du point de vue analytique, nous avons amélioré la précision des dosages 
erreur moyenne absolue ne dépasse jamais 0,8 °% et est souvent inférieure au demi 
pourcent pou les mélanges de substances non associes pou! les mél inges associes 
erreur moyenne maximum n'est que de 3 

En terminant, je tiens & remercier Mr. le Professeur G. DuYCKAERTS qui ma 
suggere ce travail et qui a bien voulu en assumer la direction. Je remercie également 


Mr. le Professeur L. p’Or pour l'aide matérielle et Vintérét accordés au cours de la 


realisation de ce travail 
Qu‘il me soit permis également d’exprimer ma profonde gratitude a la commis 
sion administrative du Patrimoine de |Université de Liége dont laide matérielle 


ma considérablement facilité la tache 


Summary 

By technical improvements in the exact determination of the photographic plate contrast 
tors, the sensitometric calibration and the densitometry. the followin a observations 
established 

i) That for binary mixtures of no issociated compounds the theoretical proportion 
hetween the intensity ratio of two lines and the molar ratio of the nu ire has hee cont 
over the range tested: deviations from this law observed by earlier workers have 
traced either to overlapping of lines or sensitometric errors 

b) For binary mixtures of strongly associated liquids ie spectrum of the mixture 
always exactly the sum of the spectra mmponent w iu nay appear lhe 
portionality relationship is conserved by the nes, due to vibrations within the oleculs 
groups not involved in the association, v le other grou ive strongly perturbed radiations. The 
study of these perturbations may throw useful lig Ol e of association linkages liquids 

«) For ternary mixtures of alcohols, tl third constituel 1 tl intensit 
ratios of some oft NH ines of the tirst pair see) hoibile 

Since the line ! sit ratios re proporti t should 
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ir work has in ro thi precision oO 
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A direct spectrographic method for the monitoring of air for minute amounts 
of beryllium and beryllium compounds 
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c) the spectrograph 
d) the means of detection and recording of the monochr ited it from the 
spectrograph 
Chronologically the work was carried out in four stages, roughly corresponding to 
the spectrographs used 
i) Preliminary work on both photographic and direct recording, using the 
Baird Associates 3-metre Crating spectrogi iph for the former and the Hilger D222? 
Ultra-violet Monochromator for the latter 
(ii) Experimental mobile monitor using the U.V. Monochromator modified for 
photographic recording on 35 mm film 
lil) Photoelectric recording using a Hilger Littrow Large Quartz Spectrograph 
valve voltmeter as um plifier and a Hone ywell- Brown strip chart recorde1 
(iv) Prototype mobile monitor with specially designed spectrograph amplifier 
feeding a chart recorde1 
It will, however, be clearer to describe the development of each of the main parts 
of the monitor, rather than to follow the work through the four stages of its history 


\pparatus 
oz lirv-flow mechanisn 
Except in the case of the final prototy pe mobile monitor the air was sucked through 
the spark by means of an Edwards Type 1 Vacuum Pump. Between the spark and 


the pump were (a) a filter consisting of a single No | Whatman filter papel with an 


nal 


exposed diameter of 5.5cm for the collection and estimation by normal methods of 


the total beryllia passed through the spark, (b) a unit consisting of two Porton 
LD. 8-41 resin wool filters as a safety measure, and (c) a rotameter for measuring the 
air-flow 

For calibration purposes an apparatus was devised for artificially producing a 
ber ‘Ili aerosol and this is shown in Fig.1. A glass bottle containing a finely pow 
der d_ ample of beryllia (particles of less than 25 microns diameter) was suspended 
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A direct spectrographi method for the mor oring OT ¢ for minute amounts of beryllium 


to the hollow electrodes BeO was found to contaminate these portions and to be 


only very slowly removed by the air stream 


3-25mm copper wire electrodes sleeved with quartz tubing to within } in. of 


the sparking surtaces prove | to clean up rapidly alter exposure to the BeO aerosol 


In the light of the experience gained the final model of spark chamber, Fig 


was constructed in pyrex glass. The volume of the chamber was kept to a minimum 


and the air entry and exit tubes consisted of standard B 10 sockets. Only a sma 


port ion 


of the 3-25 mm coppel electrodes entered the chamber and these portions 


were exposed to the full air flow. The front window was made of quartz and w 


he ld iI 


| he 
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place by lugs fused on the glass flange at the front end of the chambe 
electrodes were passed through small pin vice chucks which, on screwing 
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of the heat reTvTiel ry t he spark ind « Tit ( che 1 tne electrodes to 


the end-caps t he TTeT i? t hye cemented oT y Were held in place 


hy 


light 


“Sai 


model ot the 
hox Into 


; 


cured 





1RL.-D 
producing 
wivantagde 


0-005 mid « ip 


ugh a I KVA “Va 
high Trequency cu} 


! ind so reaching 


irranged so that the 
Lf the spark was rul 


I ipidly fouled with 


| he 

| \ Mono 

t was en ployed 
tron neighbouring 


oO operate 1 


tween the hollow 


7 C'yvpe D 222 


und HBOOO A 
The dynode 
e 100000 Q high grade resistors 
f 40000 42 was connected betwee! 
‘tential. The output of the 
0-O00067 imps per mm 


order of 7-5 imps were recorded using Be tipped electrode 


orresponded to BeO concentration of 10 ug/m 


> 
monochromator ¢ ynverted photogra phu recoraing Ry remo\ 


its mount and replacing then bv the 35 mm film camera supplied 


Model wb \ ( pax illoses LM 


i small quartz spectrog! uph was 


242 





contrived which could be mounted on a small trolley « irying the 
und spark source unit 


the w hole forming 


il 
mobil photog! phir mo! 


a a Special grating sp ctrogra ph There was no commercial! ival pie spect! 
graph suitable for incorporation in the final mobile monitor 
designed 


should have 


o yuire nents 
Ls high l dispersion is possible 
should \ is high in 


designed for 


rument 


.oO an inst Ww 
ta make the best com promis¢ hetween the followin 


Lp rture 
dire ct 


should 


is pe ssible 
recording 


vie 


should i compact is pos 


\ modifi 
e tor 


plane 


ition | 


of the Littrow design which 
infra-red work by Dr. G. K. T. ¢ 
trating being substituted for the 
ulting instrument 


me of the 
Sheffield 


ONN 


prisn 
is shown in 
showing side 


rom Figs 7 ind 


graphs ind end 


~ 


The light from the spark fell on a fixed entrance 


lit which was at the 
i conecave mirror at the other end of the instrument. and a parallel beam of light was 


rocus of 
reflected back on to the plane grating mounted on a turntable almos 
the slit face 


mm te 


t underneath 
The diffracted light from the grating was focussed by the concave mirrot 


» the exit slit behind which was the photomultiplier in its housing 
By the use of the concave 


* mirror, the 


instrument was made achromatic, 7.¢. once 
ccul itely for ussed for one w ivelength Say in the visible for convenience. it would 





focus tor all othe! 


ind did not require 


he case with the normal 


\ slight but unobiectionable 
he concave mirror Was a spheric il one, and that there was a small ingle bet ween 


ol 


tne sits 


pl ine 


ittar ned multiphet nousing were ¢ ipable of about 


idjustment 
t¢ ad 
The 


cir¢ i¢ 


malo! 


juent models 


lirectly ruled 


Vethods 
$1 Photo 
described in 
T} 
park chamber a 

n in Bra 

| Hypo 

Although this 


il filter sampler 


+? 


s i eT corres porn 


> 
; 


? 


Lit 


; 


| 


wavelengths 


I 


© made 


The focussing 


adiustable for 


idjustments were 


different wavelengths 


thus made 


as Is 


ow design employing i lens in place of the mirro1 


imount of astigmatism was produced by the fact that 


iro! 


li 


used was 


ay 


were 


centre 


front 


ind the plane of the grating 


surface aluminised, were 


ind mirror 


suppl db 


er was ruled on the Blythswood engine by N.P.L 


idjustment 
r¢ h nd t he 


ire sere 


rument 


ng Ihe 
time 
normal 


elope! 


n 


were x 


j 


Koda! 
taken for 
breathi 

di 


substituted 


ind 


in use, and the milled whee! 


housing in 


multiple 


tollows 


for the grating, and in 


Ti 
I 


sub 


ratings could be employed in place of 


icTiol nm cost 


ised witl t he 


tiim 


» and the exposure time was 


drawn throug! 
The Tl 
washed fixed for 1) 


Té 


i¢ 


ina proved 


20) min 


t he 


i Was deve loped for 


i? 


Ol 


ippal itus 


| 





\ direct spectrographic method tor ne monitoring of air i 
(c) no spectrographi film is manufactured in Great Britain and supplies ot 
suitable material would have to be obtained from the U.S.A 


In view of these disadvantages this method of recording was not further developed 


2.4.2 Initial intermediate photo electri recording system Employing a Hilger 
lLittrow Large Quartz Spectrograph fitted with an exit slit and photomultiplier along 
with the Type 1007 Power Supply and Potentiometer Units the major part of the 
development was carried out. Initially a modified Electrometer Unit | (E.P./V 6/3 
was used “aS amplifier and a Hone ywell Brou n strip ( hart instrument modified to 
have a response time of 4 sec served as recorder Entrance and exit slit widt! ot 
1-06 mm were used 

The resulting trace on the chart was very spiky and it was decided even at 
the expense of some loss of sensitivity that the time constant of the multiplier output 
should be increased in order to produce a smoother trace on the chart. After some 
experiment a time constant of 20 sec was chosen as optimum. The loss of sensitivity 
was not marked since, although the multiplier-amplifier response was slowed, the 
recorder could now better follow the current fluctuations. Furthermore, since the 
multiplier was being run at only 660 v instead of its normal 950 v, it was felt that 
with an amplifier designed specially for the work the increase of multiplier sensitivity 
allowed by increase of its operating voltage to the normal, would more than com 


pensate for the loss introduced by the increase in the output time constant 


2.4.3. Final photo-electric recording system —The dark current of the multiplier was 
found to remain virtually constant and to be of the order of 10-7amp. The current 
contribution caused by the background ”’ of the clean Cu spark was observed to 
be approxintately the same amount and to stay also virtually constant 

On changing to the specially designed combined amplifier and multiplier power 
supply unit, a different type of recorder was utilised. The reason for this was two 
fold: (a) although the Honeywell-Brown is an excellent instrument it is both ex 
pensive and bulky, and a cheaper lighter instrument would be more suitable for 
a mobile monitor, (b) it is a strip chart recorder and, therefore only a small portion 
of the record is visible at once. The much simpler, cheaper, lighter and less bulky 
Bristol Pyromaster Potentiometer Model 440M Circular Chart Recorder was 
therefore, substituted and can be seen in Fig. 9 in place on the final Mobile Monitor 

The chart revolves once per 24 hrs and is easily and simply removed and replaced 
The whole of the record is visible at once, and should the record be allowed to run 
over the 24 hr period no damage apart from confusion of records occurs 

The strip chart recordet requires more constant attention and the pen can he 
come damaged if the chart is not replaced at the appropriate time 

A further advantage of the circular chart recorder is the fact pointed out by 
Mr. BussripGe of Health Physics Division that a small planimeter can be fixed 


near the pen and connected to a cyclometer fixed behind the pen drive axle 


The spindle of the planimeter is at right angles to the pen, and in operation rotates 
a greater number of times per revolution of the chart if the pen is at the periphery of 
the chart than if it is at the centre. Thus by a verv simple mechanical integration the 
area under the trace, i.e. the total amount of BeO in any period, can be determined 

The special amplifier was designed and constructed by Messrs. D. E. Brown 
and F.C. Pryce of the Electronics Division. In addition to compactness and 
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simplicity provision was made for “backing-off” the multiplier dark current and 


background current so that a portion of the ivailable chart width would 
Was 1 by recording them In opel ition it proved very satisfactory and il 
provement o\ Electrometer Unit for the purpose in hand. Due to the intro 
tion otf t ( Ing-otTl device, it was iL ssible to increase the multiplier volt ive 


Hn) mn«d 1 r intage the rednyv otf the much inere ised multiplier um plifie ito! 


) described | urtiow mechanisn 


t he spectrograph i! 


These parts were mounted on a hospital trolley and the resulting prototype 
mobile monitor is shown in Fig. 9. The monitor measured 33 ft long, 2} ft wide 
ind 4) ft high and weighed 200 lbs. By constructing a specially designed trolley 
yreater neatness, compactness and lightness will be achieved in a second model of 
the monitor to be built 

In use the trolley was wheeled up so that one end bearing the intake nozzk 


was ag e area to be monitored. The intake nozzle normally terminatcd at 
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A direct spectrographic method for the monitoring of 


about the average height of the human mouth from the ground, and its intake end 
was above the edge of the end of the trolley. It was possible to remove the straight 
portion of the nozzle and substitute for it a length of vacuum-cleaner hose, so that 
sampling could take place at heights greater or less than the normal. The introduction 
of the hose slowed the rate of air intake and could distort the record on this account 
and also due to settling out of the BeO dust in the hose. For exact results the moni 
tor should be calibrated both with the straight intake nozzle and with the hose 


Experimental results 
Initial er pervme nis 


Preliminary work (of 1.2) had shown that 


|. Beryllium lines were produced by passing beryllia particles through a spark 
2. Introduction of the contaminated air stream through hollow electrodes pre 
sented no advantages over passing the air through the spark gap between solid 
electrodes 

3. Copper was a suitable material for the elec 
trodes ; it did not burn away too quickly and its lines 
were easily separable from the beryllium spark lines 

1. The triggered discharge type of source unit 
(e.g. A.R.L. ‘‘Multisource’’) showed no advantages 
over the simple Hilger spark unit 

5. Ten micrograms of beryllium per cubic 
metre produced a photo-multiplier anode current 
of 0-002 uamp 

The majority of the subsequent work was con 
cerned with the design of the spark chamber and of 
the amplifier and recording system (of 2.2.1, 2.4.2 
and 2.4.3) 

Fig. 10 shows a typical chart record obtained 
before the introduction of the © backing-off’’ device 
to the amplifier, at a multiplier voltage of 900 \ 
and with multiplier output time constant of 20 sec 
The BeO spike , corresponds to about 20 ug of Be 


tesults with protot y pe mobile monitor 








This monitor was tested alongside the normal filter 
sampler in the same place and manner as the photo 
graphic monitor (c.f. 2.4.1). The intakes of the — 
filter sampleand of the mobile monitor were placed 

close together so that they were sampling as nearly as possible from the same 
point in front of the furnace, which had its protective front removed in order 
to produce measurable beryllia air contamination 


The areas under the chart trace corresponding to the hourly filter samples, were 


measured in arbitrary units, so that their sum was numerically equal to the total 
amount of Be. expressed in micrograms, collected by the filter sampler. A pre\ 
ious check with filter papers placed in the air line after the spark chamber of the 
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A direct spectrographi method f he nor ( air for minute amounts of be rvllium 


are not reassured by safety monitoring methods which cannot produce a result 
within 2 days, whereas by this new method of direct recording the extent of the 


hazard is immediately and constantly observable by the operatives. 


12? Furthe developments and applications 


It is possible as an additional or alternative method of recording to integrate the 
backed-off multiplie1 output over a chosen period corresponding, say, to the passage 
of a cubic metre through the spark chamber, and obtain a permanent record 
expressed in the same form as the tolerance 


f hle 
figure. fa i 





Integration can be done mechanically. elec Monitoring | Ketimated 
tronically or by a combination of these two = mere? 
; ’ wavelen jth A sensu fy 


methods. 
The planimeter wheel attached to the pen ' 3130-] 
arm and operating on a circular chart (c./.2.4.2) 3131-1] 


is one of the simplest means of mechanical in 288] 
tegration, and at least two integrators for attach 4057-8 
3392 


ment to recorders are commercially available 


' 3093-1 
The ‘backed-off’’ multiplier output has 2835 


been made to charge a small condenser to a , 3466 
5350 
3039 
3232-5 


counting meter, which automatically returned A] 396] 


pre-determined level, when it automatically 
discharged and in so doing operated a recording 


to zero after a chosen time. This method again : B 2497 


can produce a record in the same form as the Mn 29716 





tolerance. 

It will have become clear that this type of recording could be applied to other 
elements presenting toxic aerosol hazards, and a list of these elements in the order 
in which the authors understand they present a toxic hazard, is given in Table | 
along with suggested lines suitable for monitoring 

Tests carried out on the response of an experimental quartz-enveloped Geiger 
Miiller counter to ultra-violet light had convinced the authors that this type of G.M. 
counter would be inferior to a quartz-enveloped photomultiplier. The stability 
of the G.M. counter was much inferior to that of a normal photomultiplier, and this 
probably explains why no further developments of the Kopptvus [13] apparatus for 


the estimation of lead in air, have appeared 
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Introduction 


In spectrographic analysis the spectrum is obtained as a series of images produced 


by a narrow rectangular slit, and optical theory shows that these line images are 
diffraction patterns and not simple geometrical images of the slit. Moreover, the 
diffraction pattern obtained depends upon the wavelength of the light giving the 
image, the dimensions of the optical system of the instrument, the slit width and 
the manner in which the slit is illuminated. For any given wavelength, there is thus 
a relationship between the slit width of a spectrograph and the intensity and reso- 
lution of the line images given by the slit. 

This problem has been discussed by a number of authors, principally Waps- 
WORTH [1], ScHusTER [2] and vAN CiTTERT [3], but there has not been complete 
agreement, particularly with regard to the effects given by different methods 
of slit illumination. More recently, Croze [4] has re-examined the problem, and 
in addition to giving a fully-referenced survey of earlier work, has pointed out 
errors which have been repeated by a number of standard reference books on spectro- 
graphic analysis [5], [6]. 

The principal conclusions reached by Croze show the variations in both intensity 
and resolving power to be expected from small variations in slit width. The main 
considerations may be briefly stated as follows: 

Any slit width s, may be expressed as 

fA 

D 
where 4 = wavelength of the light used, / = focal length of the collimating lens, 
D = effective lens aperture and o “slit factor’’. 

For a given wavelength and a given spectrograph, the term {A/D may be regarded 
as a fixed unit based upon the Rayleigh criterion for resolving power [7], while 
the slit factor o is freely variable from 0 to oo, and the value to be given to it in 
practice depends, inter alia, upon the method of slit illumination. It is necessary 
to distinguish between coherent illumination, which is approximately that given 
by a small source at a large distance from the slit, and non-coherent illumination, 
obtained by forming an image of the source on the slit. The theoretical relationship 
between intensity and resolving power for various values of o is shown in Table 1, 
for coherent and non-coherent illumination. 

In each case there is, theoretically, a so-called “optimum” value for oa, to give 
a compromise between intensity and resolving power. Thus, for coherent illumina- 
tion, when o = 2, the intensity of the central maximum is at its greatest value while 
the resolution is still 70% of the possible value. For non-coherent illumination, the 
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best value is usually considered to be o when intensity is 77% and resolution 


78% of the maximum values 


ntensity and resoli ing power 





f 


Nor coherent 


caiculate 


loo 
0.4 
100 





yherent 


lhe figures show that slit widths corresponding to higher values of o than these 

optimum’ values will give line images with little or no greater central intensity 

and with rapidly deteriorating resolving power, whereas narrower slit widths, 4. 

lower a ‘s. lead to a rapid loss of intensity with negligible gain in resolving power 

It is import unt to realise. however, that the above considerations do not lead 

to a general rule for the selection of best slit width. A mumber of factors are involved 
which also govern the choice, as follows 

1) In practice, truly coherent or non-coherent illumination is seldom, if ever 

ind the radiation will be an indeterminate mixture of the two 
b) Since a wide range of wavelengths is normally in use, and any value for o 
gives best conditions at one wavelength only, then on each side of this point on the 


wavelength scale either intensity or resolving power must suffer 


c) The practical resolving power of a spectrograph is usually lower than the 
theoretical value, because of optical aberrations, which will also modify the intensity 
relationship 

d) It may not be necessary to use the greatest available intensity or resolving 
power for a particular problem, in which case values other than the optimum may 
be used to greater advantage 

An attempt was made to verify the calculated data of Table 1, since whereas 
these figures indicate that small variations in a working slit width of the order 
|-5. 2a should give small intensity changes, experience has shown that such varia 
tions of slit width in this region usually give marked intensity differences. 


Experiments were carried out with several combinations of spectrographs an 
| I gray 


calibrated slits, and the results showed that, for both coherent and non-coherent 


illumination, the curves obtained for the relationship between o and intensity were 


ATs | 


< 





lhe calibration of precision slits for spectrographiec analysis 


displaced with respect to the theoretical curves. The amount of displacement varied 
but the observed results given in Table 1 are typical. The figures are again given 
in terms of the intensity of the central maximum of the diffraction pattern. and in 
the case of coherent illumination it is extremely important that the image should 
be in exact focus, so that the structure is correct. The method used to obtain the 
results is described in the Appendix. 

This displacement of the curve towards higher value of o means that the most 
commonly used slit widths, of the order 10-20 u, correspond to the portion of the 
curve where intensity is changing rapidly with o, and not to the relatively flat peak 
of the curve, and small variations in width give large variations in intensity. Fig. 1 
displays the theoretical and practical data graphically. 
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a) Coherent illwmine 


Most authors agree that it is best in practice to calculate the optimum slit width 
for the particular problem in hand, and then to test experimentally the effect of 
values above and below this width to give the best compromise between resolving 
power and intensity. TwyMAN [8] also discusses the practical implications of the 
paper by Croze, and recommends the adoption of fixed slits having widths within 
the range normally found most suitable. 

While the above remarks illustrate the strong influence of slit width upon the 
properties of the photeeraphic spectrum, this is not the real problem for the practical 
spectrographer, since, as has been implied earlier, for any given instrument and 
analytical requirement, a suitable slit width can be found by a few simple trials. 
It is considered that one important aspect of the subject has not, in the past. received 
adequate attention. Thus, while it is not essential to define the slit width for a given 
problem, it is usual, when reporting analytical methods, to quote the slit width used. 


For this purpose the value quoted is almost invariably the nominal value shown by 


the slit graduation drum, and it will be shown in this paper that considerable errors 
may arise from this practice particularly in applying analytical methods directly 
to other instruments and other laboratories. The only reference to the determination 
of true slit widths known to the authors is that due to PRevss [9] and the methods 
described, together with alternative methods which have been developed. have 
been used to study the various types of slit available 
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ind LoorBpovurow [11] 
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r criteria 
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f the iaws. The residual 
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Is not ¢ ential for 


direct recording methods 


of the slit constants affecting the 
ration in terms of microns per division, 
the backlash on the micrometer adjust 
cd upon the measurement of any 


residual slit width 


Types of slit examined 


ts of various types were available during the investigation, 
t least two methods were m ide on each. A brief dest ription 
sm of each distinct type Is given below, and the designs are shown 


n Figs. 2—7 inclusive. 


eter screw motion transmitted to the jaws by lever 

ypposite directions by the use of first and second order 

tion. Thus, an advance of one thread (500 u) of the 

on each jaw or a total movement of 250 u. The drum of the 

has 50 divisions per turn so that the nominal drum calibration is 5 per 


s are held together by spring tension from the main housing, with an adjustable 
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Jarrell ish wedge slit 


Type Ill. Jarrell Ash wedge (f ig 4) 

In this bilateral slit, of relatively simple construction, the SCcTeW move! I irs directly 
ina V-shaped groove formed by the edges of the two jaws rhe latter m n pi llel cnides 
on ball bearing mounts and are held inwards by springs attached to the main fran Phere is 


provision for adjustment of parallelism of the slit edges, and for prevention of complete closure 
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Experimental 
Methods of slit calibration 


The main purpose of the experimental work was to test the application of the PREUss 
method to the calibration of slits. The various alternative methods described were 


devised to check the accuracy of the results obtained 


Diffraction pattern me thod 


| Des riplion of Preuss method 


Preuss [9] has described a simple method by means of which slit widths may be 


measured with considerable accuracy. Use is made of the fact that a narrow spectro 
graph slit will give a diffraction pattern on the collimating lens when suitably illu 
minated. If the slit is illuminated by two beams of light displaced both vertically 
and horizontally, two diffraction patterns are produced and their relative positions 
can be used to calculate the width of the diffracting slit 

For fuller details of this method. reference should be made to the original 
paper in which the expel mental techn pue al d applications of the method are 
discussed. In brief, for monochromatic light, the slit width (s) of the principal slit 
of the spectrograph is given by the expression 


Z l 


where Z number of diffraction minima coincident between the maxin 


} wavelength of light used (in 


A distance (in cm) between spectrograph slit and the “double 


a distance (in cm) between the slits comprising the 
The arrangement is shown diagrammatically in Fig. 8a 
Clearly, no accurate estimation of Z can be made except when it an integral 
value. For a given wavelength, the value of Z depends upon s, A 1 a. so that 
Z may be made integral by suitable variation of these parameters 
A precision of 0-3 u in the determination of slit width is claimed 
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Ov) pattern method 


irried out on slit No.7, mounted in a Littrow 

zero position. Measurements were made 
Drum zero position—opening 1-2 divisions 
Drum zero position—closing 0-4 divisions 
Backlash 0-8 divisions 
] 


(,0oo 


linear graphs were obtained and the 
ts appeared satisfactory, but it was felt that 
following objections could be raised 
a) As mentioned by Preuss, the method is 
it really suitable for the direct measurement 
of very narrow slits, owing to the small angle 
subtended at the slit by the collimator aperture 
With narrow slits, the diffraction patterns over 
fill this aperture horizontally, and decrease in A 
or increase in a to correct this does not lead 
to convenient optical arrangement 
b) The intensity of illumination under these 
litions is rather low, and it was not found 
rm the diffraction pattern with con- 


The method was not directly applicable 


ill types of spectrograph, whereas it was 


yped to study all available types of slit in the 


; 


racvion, 


An alternative arrangement which was stud 
ied is that shown in Fig. 8b. The illumination 
was supplied from the camera aperture, by 
I ns of a mercury lamp placed in the correct 
position to give minimum deviation for green 
light (A = 0-546) through a double slit placed 
at the collimator aperture. The diffraction 
pattern was then seen in monochromatic green 
light by viewing through the slit from outside 
the spectrograph, and estimations of backlash 
and zero position were made as before with the 
following results: 


Drum zero position—opening = 1-4 divisions 

Drum zero position—closing 0-6 divisions 

Backlash 0-8 divisions. 
were interesting in confirming the earlier values, but the arrangement was 
e although the Z = 0 position, when the first minimum of one pattern 
entral maximum of the other, was readily seen in this case. 


It was decided to continue by removing the slit from the spectrograph and using an optical 
A - £ 


bench | it for 


and ar 


the apparatus (Fig. 8« In this way, distances could be varied as required, 


y slit could be examined without alteration of the auxiliary apparatus. Preliminary results 


on the same slit indicated that this method was likely to be satisfactory. In this case, the slit 
constants were found to be as follows: 


Drum zero position—opening 1-4 divisions 
Drum zero position—closing 0-7 divisions 


Sacklash 


0-7 divisions 


Ill. Establishment of final diffraction pattern method 


At this stage, where only drum zero and backlash had been estimated, it was con- 
venient to consider what information was required from the method. Thus: 
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(a) measurement of slit widths in the range 0-50 u, 
(b) calibration of the slit drum in u/division 
(c) determination of the closed position of the slit on this scale, 
(d) determination of the backlash of the setting mechanism. 
In addition, it was required to know the accuracy and precision with which 
such measurements could be made. Be 
Measurements were made in a number 
of ways, and by a number of operators, in 
order to determine the most convenient 
procedure. Also, results were obtained both 
graphically and by calculation, and from 
the large amount of data which became 
available it was possible to state that 
(a) For a given set of conditions, there is 
no significant difference between the readings 
obtained by different operators. 
(b) For the relationship between drum 
reading and Z, it is better to calculate the 
best straight line than to attempt graphical 
extrapolation; providing the calibration is 
exactly linear it is better still to establish two 
points on the straight line with high accuracy 
than a larger number of points to a lower 
degree of accuracy. If the drum readings are 
plotted on the y-axis and Z on the z-axis, 
then the slope of the straight line gives the 
calibration in u/division. The linearity of 
the graph was well established from a large 
amount of data. Fig. 9 shows a typical family 
of lines obtained graphically. Non-linearity 
would be most likely to arise from errors 
in the micrometer screw, but no such effect _ 
was found in any of the slits examined. Stondard éevition 


(divisions 


In the rather tedious procedure first 
used, A and a were kept constant, and sets 
of readings were made at different values of A. For each of 5 values of A, 5 readings 
of the drum were made at 6 different values of Z, both opening and closing, giving 
a total of 300 individual observations. In the following example, for lever-type slit 
No.3, the results were obtained by calculation of the best straight line for the data 

uw per drum division 5-01 

Drum zero position—opening 1-4 divisions 

Drum zero position—closing 0-1 divisions 

Backlash 1-3 divisions. 


A much simplified procedure was finally adopted, in which 10 readings were made 
at one intermediate value of A, for two values only of Z, i.e. a total of 40 readings. 
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50 em, , A= 0-546 In the following table, the results 





for the same slit by this method are 
shown for comparison, 
Comparison of a large number 
6-68 D2: of results obtained by the above two 
16-88 D489 procedures showed that there was 
u/division 4-97 no systematic error attributable to 
zero-opening = 1-6divs the simplified method, and it was 


zeTo-Ciosing 0-1 divs adopted exclusively 





IV. Results obtained by diffraction pattern method 


The results given by the simplified diffraction pattern method for the selected slits 
are shown in Table 4. The backlash is the difference, in drum divisions, between the 


zero positions obtained opening and closing the slit, and has usually been found 


positive in the same direction, i.e. zero (opening)—zero (closing). 


Table 4 Calibration results by diffraction patte rn method 





Drum calibration (/division ) 


Slit _—_ _ —__— 


number Opening Closing Difference j osing Backlash 


O-4 








It is also of interest to give in detail the results obtained for the lever-type slits 
since these were the only type available in sufficient numbers for any assessment of 
a general nature to be made. It will be seen from Table 5 that the calibration fac 
tor varies from 4-74 to 5-60 u/division, compared with the nominal calibration factor 
of 5-00 u/division * 

For all slits, the mean difference in the calibration opening and closing is—0-02 pu 


and statistical analysis shows that this difference is probably significant (2% level 
of significance). Since the corresponding results by other methods (see later) show 
no significant difference, it seems possible that the diffraction method does introduce 
a bias. However, this difference is so small, representing only 0-4% on the result 
that its effect upon the use of the calibration figure is negligible, and the mean 


result may be taken without introducing any important error. 





* Since this report was prepared, the Hilger lever-type slit has been modified (a) by the additior 
of a spring thrust to reduce backlash in the movement and (b) by a roller mounting for the slit jaws 
[Iwo of the modified slits have boen examined and it has been found that the backlash, expressed it 
microns, has beon reduced from 4-5 to 0-5 approx. It is understood aleo that closer control on the drun 


calibration is now being maintained 
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Table 5 Calibration results for lever type slits by diffraction pattern method 





Drum ca 


Zere 





1] 
O4 
01 
O38 
04 0-9 


16 





An estimate of the precision of the results given by the method has also been 


using the procedure shown in Table 6 
data obtained on slit number 3 

Combining the results of the calibration 
conclusion from the standard error is that we 
following results from the data 


obtained statistically which displays the 


opening and closing, the statistical 
may quote, with 95% certainty, the 


,/division 4-97 0-03 
zero-opening f 0-O8 divisions 


zero-closing | 0-08 divisions 








Standard deviation (8 0-033 


a oe 
Standard error 8// 10 0-010 


0 0-037 
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These results for the estimation of zero position take into account errors due to 
the alignment of the patterns and reading of the slit drum calibrations and should 
give a true indication of precision. Analysis of all data shows that an average error 
f +0-5u may be quoted for zero estimation, after conversion from drum divisions 
to microns. In the case of the results for calibration in microns per drum division, 
the above includes reading errors but does not include any systematic error arising 
from measurement of A, a and 7 


B. Microscopic method 


} 


An obvious method of measuring slit widths, to give an independent check on the 
diffraction method, was by measurement with a high power microscope and cal 


ibrated eyepiece. For this purpose, a Zeiss metallurgical microscope, giving a mag 


nification of 250 was found convenient. The slit was placed horizontally on the 
specimen platform and illuminated by-diffuse green light on the front surface, with 
} 


a white light placed behind the siit to silhouette the slit jaws in the field of view 
Under these conditions, the edges of the jaws could be brought into sharp focus, 


and the slit width was measured by moving the cross-hair of the eyepiece across the 
image by means of a calibrated micrometer screw drive. 

\ number of readings were made at two points only as in the diffraction pattern 
method, in this case at definite settings of the slit drum. The method of calculation 
of zero position and drum calibration was then similar. 

Thus, if xy and r, are the two chosen drum s« ttings and yy, and Yo the correspond 
ing widths in microns, then 


ire given for the selected slits 

The mean difference in drum calibration opening and closing is —0-01 p, which 
lly significant, and the mean result may be taken. 

on of the method was calculated in the same way as for the diffraction 


om the individual readings. Table 8 shows data for a typical slit 


y wee roscopu method 
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Means 








The following are obtained, again for 95% certainty 


u/division ‘85 + 0-05 
zero-closing of (0-07 


zero-opening 1-66 0-12. 


It will be seen that the results obtained by this method are in reasonable agreement 
with those given by the Preuss method, and that the errors involved are of the 
same order. In this case, errors may arise from the calibration of the eyepiece the 
setting of the cross-hair on the slit jaw, and the reading of the eyepiece drum mark- 
ings. As expected, the setting and reading errors were constant, and corresponded 
to a coefficient of variation of 2-5°% ona 10 u slit and 0-5 na 50 u slit 


C. Me trological method 


While generally good agreement was obtained between the two methods described, 
in some cases the result indicated for the drum calibration was not in very close 
agreement with the nominal calibration. It was thought that divergencies of the 
magnitude found should be directly detectable 


Table 9. ¢ alibration 


by measurement of the ¢ omponent parts of the logical 





slit mechanism. It has been shown that. nor 
Dru 
mally, the calibration depends upon the pitch 





of a micrometer screw and either a lever or 





wedge system to transmit the movement to the 
. - é 0-00 10-00 
slit jaws. 


2-00 


It was found that measurements made by 9: 5-08 








means of a travelling microscope gave confirma- 





tion of many of the rather surprising calibration . 

results, and it was decided to include this method in the investigation. Data has not 
been obtained for all slits, since some were available only for very short periods and 
it was thought unwise to dismantle others required for routine work until more 
knowledge was obtained of the effect upon stability of the mechanism. Sufficient 
data was obtained, however, to indicate clearly that variations from the nominal 
calibration often occur. 


Table 9 shows the results obtained for some of the non-lever type slits, involving 
measurement of screw pitch or wedge ratio only. 
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Summary of results 


he results given by all methods have been prese nted, for convenience in comparison 


in a final table (Table 12 For each slit property the 


mean result of all methods used 
given, but it must be emphasized that this has been done for comparison only and 


the mean result is not necessarily nearer the true result than that given by an indi 
vidual method 


Discussion of results 
i) The figures for the slit zero positions are not directly comparable between slits 
since the number of microns per division is a variable quantity, but if they are 
expressed in microns for comparison only, it is found that the average difference 
from the mean is markedly lower for the Preuss method. The visual and photo 


graphic results are lower than this mean, and the microscopic results higher, so that 
there is a suggestion, but not proof, that 


the Preuss method is nearer the true 
figure (see Table 13 


b) For the drum calibration results, a similar effect emerges. The Preuss 


method gives a figure roughly the mean of the other two methods, with the micros 


copic results lower and the metrological higher, again suggesting that it may be the 
more reliable procedure (see Table 13 
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c) The comparison between the nominal drum calibration and the mean result 
obtained as above has not been treated statistically since the true result is not 
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intensity variation, e.g. discharge gap, sample weight, photographic plate etc. 
cannot be systematically studied while such variations due to non-calibrated slits 
may occur. 

(e) Statistical analysis of a large number of routine results has shown that the 
reproducibility is higher when opening the slit from zero than when closing towards 
zero. Thus, by the diffraction pattern method, the standard deviation on the drum 
calibration was 0-045 u opening and 0-065 » closing. Similar results were found for 


the other methods 


Conclusions and recommendations 
The principal findings of the investigation may now be summarized as follows 
(a) Study of the relationship between slit width and the intensity and resolving 
power of the resultant spectral line images shows that the variations, particularly 
in intensity, which result from small variations in slit width are even greater in 


practice than theory predicts. Such variations may be minimised if the slit is cali- 


brated, and any residual variations may be attributed to other spectrographic 
factors with much greater confidence than at present 

(b) Of the calibration methods investigated, that due to Preuss (modified as 
described) appears to give results most nearly approaching the true calibration. All 
other methods studied may be regarded as giving strong confirmation of this diffrac 
tion pattern tec hnique 

c) A slit is considered calibrated when the following information is obtained 

i) zero positions of the drum, opening and closing, corresponding to exact 
closure of the jaws 

(ii) Backlash of the setting mechanism. as shown by the difference in readings 
opening and closing 

(iii) calibration of the setting mechanism, in terms of microns per drum division, 
over the range of slit widths needed in practice 

(iv) Width of the residual or safety slit 

d) Non -parallelism of the slit jaws may be detected by measurement of the slit 
width at different portions of its length. This cannat be done reliably by eye, since 
other factors may interfere, e.g. the slit jaws may not be in the same plane and many 
suspected cases of non-parallelism raised in the past may be proved to be unjustifi 
able if accurate measurements are made 

e) The small residual slit width present in most types cannot be accurately 
measured by the methods described. For such very narrow slits, e.g. less than 
5u, the Preuss method is inapplicable since the diffraction pattern is spread 
over too large an angle to be viewed. Very approximate estimates of residual slit 
width have been made by the microscopic method, but no intense effort has been 
made in this direction, since the residual slit has no influence upon the calibration 
provided that its width is less than the smallest width used. 

(f) The error on the estimation of drum zero position is approximately 40-5 u 
and on the drum calibration approximately 40-05 yu. Of the 24 slits examined 
only 4 give a mean drum calibration within this range of the nominal figure, and only 
9 are within twice this range. Three slits show a difference of 10% or more from 
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the quoted calibration. Considerable errors in the nominal zero position also occur 
frequently, and the practice often recommended of adjusting the zero when closing 
the jaws conflicts with the indications obtained that better reproducibility is given 
by adjustment against the spring tension. 

(g) It has not been possible to study the effect of jaw contour upon the results, 
but it was found that the blunt contour of the Jarrell-Ash slit jaw made measurements 
by the diffraction and microscopic methods very difficult since complicated diffrac- 
tion patterns were produced. Latest models of this type of slit now have shary 
chisel-edge jaws, and the deleterious effect of the blunt edge upon the purity of the 
diffraction pattern has been eliminated. 

(h) In setting a slit to a required width from the calibration results, it is recom- 
mended that the setting should be made against the tension on the jaws, since the 
results have shown better reproducibility in this case. 


(i) In order to facilitate the setting, it is recommended that drum scales should 


be as open as possible, preferably 1 or 2» and certainly not greater than 5p per 


division; a vernier scale may be an advantage. 


Appendix 
Experimental verification of the relationship between slit width and intensity 


A. Experimental conditions 


(1) For approximately coherent illumination, the source was placed 38cm from the slit, 
with an F. 1025 spherical condensing lens 2 cm from the slit, to give an image of the source on 
the collimating lens. This is the normal setting for quantitative spectroscopy. For non-coherent 
illumination, the F. 1025 was replaced by an F. 17 condensing lens placed 28 cm from the slit, 
to give an image of the source on the slit. 

(2) In the case of the Hilger Large spectrograph, the ratio {/D was taken as 33, where f 
focal length of collimator 170 cm, and D = effective horizontal aperture of the rectangular 
diaphragm in front of the collimator 5-1 cm. 

(3) Calibrated slits were used, so that the corresponding values of o could be calculated from 
the expression 


where s slit width and A wavelength 


(4) The intensity values were obtained by means of an intensity pattern on each plate, 
using known transmission filters. A series of exposures were made at increasing slit widths, with 
one of the intermediate transmission filters in place, followed by a series of exposures of the 
same time through the range of filters at an intermediate slit width. This ensured that the same 
intensity range was covered by each series. 

(5) The source finally used was the triggere dtype discharge given by the WALSH source 
unit [20] between two 7mm pointed copper electrodes. (V 310 Vv, C 60 uF, BR 140 
and L = 0-06 mH.) This source proved relatively stable, although still not entirely satisfactory 
for non-coherent illumination, where source fluctuations cause corresponding variations in the 
slit ilumination. A mercury vapour lamp, although very stable, gave diffuse lines which were 
unsuitable for examination of line structure. 

(6) It was found essential to have the best possible focus for all work, in order to obtain 
the true line contour for any slit width. Durrigux and co-workers [21] have shown that for 
coherent illumination, alteration of slit width produces changes in the structure of the line 
image, which shows an increasing number of striations as the slit is widened. The central inten 
sity reaches a maximum value and then goes through a series of maxima and minima. This 
effect was readily observed at best focus, and in fact, focussing may be carried out by using 
a wide slit and finding the focus setting which gives the greatest number of peaks in the line 


image. 
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Summary 


rhe importance of an accurate calibration of a spectrograph slit is demonstrated by a discussio 
of the effect of slit width upon the intensity and resolution of the spectrun More rigid star 
dardisation of slit widths for analytical purposes is recommended 

Casual observations over a long period have suggested that slits often sho. lepal fron 
the nominal calibration, and the results obtained confirm this view 

A diffraction pattern method proposed by Preuss for the determination of slit widths has 
been investigated, with particular reference to the range 0-50 u, in comparison with othe 
methods, and the results obtained show close agreement 

Results are given for 24 slits, covering 6 different types of mechanism, : a study of the 
precision obtainable shows that the standard error is approximately 0-5 u on the zero estimatio 


and approximately 0-05 u on the drum calibration 
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Evaluation in spectrographiec analysis 
A Note on the Application of the Nomographic Method to Spectral Densities Lying 
off the Straight Line Portion of the Normal Emulsion Characteristic 
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Introduction 


In the internal standard method of evaluation, a working graph plotted as log 
deflection ratio (1L.D.R.) against log of concentration of minor element gives ar 
index value which is independent of the gamma of the emulsion, but has a slope whicl 
is directly proportional to the gamma. Variations in gamma, therefore, would have 
the effect of rotating the graph about its index value, and unless the standard 
spectra and working spectra are photographed on emulsions having the same 
gamma, incorrect results are given 

The nomographic procedure for the evaluation of spectrographic results [1 
was evolved to correct completely for variations of gamma across one plate and fron 
plate to plate 

It is essentially a three-line method and uses two line-pairs giving paralle 
straight line graphs. In the paper referred to it was shown that if the L.D.R. values 
given by the two line-pairs were joined by a straight line, then this would cut the 
concentration axis at the point corresponding to the correct concentration value 
This property was proved to be rigorously true whatever the slope of the graphs 
(provided, of course, that the index values were correct). It was further suggested 
that the graphs might take the form of vertical lines through the index values 
marked with the scale of L.D.R. values, thus forming a nomograph which would 
be valid for all values of gamma and therefore for all emulsions. Some results 
proving this point were quoted 

The conditions under which parallel straight line working graphs were obtainec 
were 


(i) Linear relationship between density and concentration functions employed 


(In this case it was stated that line densities should be limited to those falling o1 
the so-called straight-line portion of the Characteristic Curve.) 

(ii) Only one line of the minor element should be used, and therefore line pair: 
should be formed either by this element line in conjunction with two internal standar« 
lines, or by the element line in conjunction with one internal standard line wit 
a neutral step filter operating on either 


An empirical procedure described by SanpeRs [2] was based on a similar 


i 
J 


principle, but gave, not a correct result, but a figure biased in favour of the 
correct result. No limitations were imposed as a rigorously accurate figure was 


* Now at the Spectrographic Department, Magnesium Elektron Ltd., Clifton Junction, neat 
Manchester 
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not claimed, but it may be shown theoretically that the greater the deviations from 
the ideal conditions laid down for the first procedure, the greater the error expected 
in the second. 

The first procedure has been in use in the B.C.I.R.A. laboratories and elsewhere 
since its inception and has proved perfectly reliable within the conditional limits 
stated. The first of these limits—densities confined to linear portion of the character- 
istic curve—has been the subject of the only criticism of the method. However, good 
results have been given when this limit has been exceeded. 

The purpose of the present paper is to show how the nomograph is affected when 
densities off the linear portion of the characteristic curve are used, and also how the 
method may be extended to cover a considerably wider range of intensities than 
was originally thought possible. 


Non-linearity correction by nomograph 


One of the more satisfactory methods for obtaining the characteristic curve of an emulsion 
is by way of the preliminary curve of CHURCHILL [3]. Instead of using two iron lines of known 
relative intensity at different spec ; 

trum density levels, this method is [ T ] 
considerably simplified by the use f | 
of a neutral two-step filter. It is | 
not necessary to know exactly the 1s+-— — . — 
transmission values of the steps of 

the filter, and the preliminary curve 

is obtained by plotting densities of 





the unfiltered portions as abscissae 
and filtered portions as ordinates 
for a number of spectral lines cover 
ing the complete intensity range in 
the wavelength region to be cali 
brated. The characteristic curve 
may then be drawn from the preli 
minary curve exactly as described 
by CHURCHILL [3] and Scumiprt [4 

This procedure has two advantages 
over CHURCHILL'S original proce 
dure: (i) it is quicker, since only 
one spectrum (any spectrum) is needed, and (ii) the relative intensity of filtered and unfiltered 





portions of a line must be constant whereas that of two separate lines may depend upon ex 
citation conditions 

The characteristic curve drawn in this way for the 2880 A region for Kodak B.10 
plates is given in Fig. 1. It will be seen to be linear over the density range 0-5—1-7, 
which corresponds to the deflections 16 cri-l cm, assuming a 50cm clear plate 
reading. Theoretically, therefore, no deflection greater than 16cm should be used 
with the nomographic method of evaluation. In actual fact, readings as high as 
25cm have been used without significantly affecting the results. 

The reason is that the nomograph can give a partial correction for density 
readings falling off the straight line portion, and this is explained qualitatively as 
follows 

The effect of exceeding the straight line limits is the same as that which would 


be produced by an unequal gamma variation for the three lines involved, the opera 


tive gamma decreasing from the most dense to the least dense of the lines employed. 
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pair 1s not exac tly offset by the positive error in 
se when the nomograph is functioning correctly, but 
the magnitude of which depenas on the amounts by 


exceeded by each of the three lines 


which shows a nomograph drawn for one analysis 
standard lines, S, and §S Under normal! 
~ the two line pairs are given by P and V/ 


point at which the straight line PQ 


ir of working curves for the sake of simplicity 
re relat« is), | So then there are thre 
ible cases to consider: (i S, off straight 

of characteristic 1 and S, 


S, on; (iti) all thre 


only the ratio log 
defl 


iffected, and this will have a value 
than the correct one P instead of 


traight edge between P ind ¢V will 


concentration axis at #, instead 
giving a negative error of R 
is approximately half the error in 
1 if only the line pair A/S, were used 
correct result were about half way 
the index values. If the correct 
less, and in the limiting case 
zero 
defl. A 


more so than log and 
* defi. 8 


ints given on the nomograph will 


traight edge joining them will cut 

t point ne 
th ratios are cted, more so than in case (ii), but in the 
The points corres p« nding are represented by ro and ?, 
ining them will cut the concentration axis again somewhere 


Similar arguments apply in the case where the analysis line falls outside the 
standard lines, and it appears that in all cases a large measure of correction for 


inderexposure is given. The results read from a single line pair will, of course, be 
onsiderably in error 


lo iste going deductions, a homogeneous sample was given duplicate exposures 

of 180, 60 and 30 sec, the spectra being taken through a neutral filter of transmission 100% 

ind 30) In 1 way, similar spectra were obtained for a range of density levels. The log 

irithms of the microphotometer readings for the lines Si 2881 and Fe 2876 and 2874 are given 

column 2, those off the linear portion of the characteristic curve being marked by 

wterisks. The corresponding log deflection ratios are given in columns 3 and 4, those affecte«| 
hy “non-linear” readings being also marked by aateriaks. 
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Column 1 Expo ire in seconds I 
Column 2. Log deflections (clear plate 1-700 
linear relationship marked (* 
Column 3 and 4. Log ratio 
linear readings marked (*) 
Column 5 Concentrations estimated by normal 
Column 6. Concentrations estimated nomographical 


readings (Katser’s /’-function) 


Use of Seidel transformation and related functions 


It is therefore apparent that the nomograph, in addition to correcting f camm: 
variations, will give a measure of correction for density values 

straight line portion of the emulsion characteristic. If, however, instead of normal 
density (defined as the logarithm of the opacity, or for microphotometric work 
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log d,/d, where d, is the clear plate reading) a blackening function is found which is 
linear over all, or at least a greater portion of, the intensity range, then this function 
could equally well be plotted in the nomograph and the range of theoretical accuracy 
of this procedure increased correspondingly 


7 able 2 
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320* 
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320* 
290* 
340* 
290* 


200* 


305* 
308* 
PROF 
320* 


995* 


265* 
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205* 





and plate 
lumn 2. Microphotometer log deflections —readings off normal linear range of density 
nsity relationship marked (*). Clear plate 1-700 (i.e. 50 em) 
n3. Evaluation from normal nomograph 
14. Evaluation from nomograph plotted with Katser /’-function. 


Evaluation using intensity calibration of emulsion 


Such a function has been sought in the SerpeEL density function and its variants, 
which have been described and applied to spectrographic evaluations, notably by 
KAISER and others [5] [10}. 


It has been claimed by FELDMAN [6] that when Srerper density is plotted against log of 
relative intensity, a straight line portion results ranging from 4% to 97% transmission (1.e., 
from 2cm to 48-5¢m assuming 50 cm clear plate deflection These results were obtained for 


Kastman 5. A. 1 plates at 2600 A. This has not generally been confirmed, however, and the 


ain property of the function is that it transforms the CHURCHILL preliminary curve (which 
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is in reality the differential curve of the characteristic) into a perfectly straight line. This has 
been confirmed at length and exploited by Scumipt [4], PasveEerR [7], and Noar [8], the latte: 
two authors having applied the fact in their own nomograms [7], [9]. However, Kaiser [5 
has soucht to produce a linear density/intensity relationship by using simple combinations of 
normal and SEIDEL densities 


The generally obtained non-linearity of the characteristic curve when plotted 


, . . d - , 
with the Serpe. function log ; 1} has been confirmed by the writer, but it 


has also been confirmed that the P-transformation of Kaiser [5] gives a linear 
relationship over a very much larger 

intensity range than does the normal 

plot of density. = <, 

Katser’s P-function is defined as 
P D+S8S 
where S is Serpe. density and D 
is normal density 

The characteristic curve when 
plotted with this P-function is not 
the same for all plates, but the linear 
part has been found to extend invari 
ably up to 45cm (with 50cm clear 
plate) and even up to 49-5cm in 
some cases. A typical plot is given 
in Fig. 3. Ordinary deflections are 
marked on the graph, showing that the linear range extends from | em (or probably 
less) to about 47cm. The relative intensity scale shows that at least a forty-fold 
range of intensities is covered, compared with the ten-fold intensity range generally 
given by an ordinary density plot 

The results quoted in the two tables were recalculated using nomographs mod 
ified to P-transformed densities. Those in Table | are given in column 6 and show a 
result constant within experimental error for the complete range of deflections on 
and off the normal density straight line portion. 

Modified figures for Table 2 appear in column 4 of that table. It is considered 
that these figures are probably more accurate than those given by the intensity 
calibration method, since there is less opportunity for errors in calculation, and 
a smaller possibility of experimental bias. It is interesting to note that where there 
is a slight divergence between the two methods, the ordinary nomographic procedure 
tends to follow the figures given by the P-transformed nomograph. 


Practical considerations 
The conversion of microphotometer deflection readings may be carried out directly 
by substituting a P-scale for the ordinary linear or logarithmic microphotometer 
scale. Alternatively, use may be made of the P-conversion tables given by KAIsER 
in the paper [5] introducing this function. These tables, which convert ordinary 
densities to P-transformed densitiesare particularly suitable for use with the 
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the formula ving t! value P(d) for a deflection d 1 
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a 


flection, normally 50cm. This clear plate reading 
ously constant during reading 

x values will not be affected by the new procedure 
that these slope In the opposite direction. There 


ire used as the nomograph these will slope in the 
pe may be obtained by re-calculating for one standard 
value 
nes through the index values form the nomograph, this identical 
| used, but the straight edge will be found to slope in the opposite 


lustration of the P-function in standardisation is given in Fig. 4. This 
in ordinary density nomograph with some points o// the line due their falling 
ide the linear region of the characteristic curve. The corresponding points plotted 


> transformed densities all fall on a straight line 


Conclusion 


When the nomographic procedure for evaluation of results in spectrographic analysis 
was first introduced it stated, for theoretical reasons, that readings falling off the 


straight line portion should not be used. It is now suggested that the nomograph 


could be used with readings up to 25 cm 
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The range of the nomograph may be considerably increased by plotting one of 
the linear density intensity functions instead of normal photographic densities 
as ordinates, the function recommended being the Kaiser P-transformed density 
function, for which suitable conversion tables are already published. By using this 
function the intensity range of the nomograph may be increased from ten-fold 
to more than forty-fold. 

Specimen determinations showing the effect of these procedures on points 
outside the linearity limits of the normal density/intensity characteristic curve are 
quoted. 


Acknowledgment—The author would like to record his thanks to the Director and 
Council of the British Cast Iron Research Association for permission to publish this 
work. 


Summary 


The nomographic method of evaluation was evolved with the object of correcting automatically 
for changes of gamma across one plate and from plate to plate. This method is theoretically 
correct provided that a linear relationship exists between the density and intensity functions 
employed. Since, normally, density differences are plotted in working graphs, the range of the 
above procedure was limited to the straight line portion of the characteristic curve of the 
emulsion employed (i.e., an upper microphotometer deflection limit of about 16 cm is imposed, 
assuming 50 cm clear plate 


The present paper examines the effects arising when the straight line limit is exceeded, and 
suggests that deflections up to 25 cm may be used with insignificant error. The useful intensity 
range of this method is further considerably increased by plotting P-transformed densities 
(introduced by KaAIsER) instead of normal density values. It is claimed that deflections up 


to 45cm may be used with this procedure, increasing the intensity range covered fourfold 
Suitable conversion tables are already available in the literature 
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Intensity seales in spectrographic photometry * 
J. McK. Nopss 


Of the methods used to calculate line-pair ratios in spectrographic photometry, 
that requiring intensity determinations from plate calibration curves appears to 
be the one most favoured by spectrographers. The main disadvantage of the method 
is that, in its elementary form, it is tedious and time-consuming, especially when 
background corrections are made, the time taken to determine intensities with the 
aid of a calibration curve being longer than that taken to measure the plate with a 
densitometer 

Various devices to simplify and speed up the procedure have been described, 
e.g., calculators [1], [2], logarithmic scales [3], modified logarithmic scales [4], [5], 
and instruments for measuring intensities directly [6], [7], [8]. Of these, calculators, 
in a variety of forms, are the most widely used 

At Defence Research Laboratories the desired saving has been achieved by 
re pla ing the linear galvanometer scales by one reading intensities directly. Details 
of the original work on the method have been described by Sincuarr [9]. In the 
present paper the results of further investigations into the use of the method are 


given and devices for increasing its versatility and accuracy are described. 


Defects encountered 
While the method, as originally described, has given good results over a number of 
years, during which time some 500000 readings have been taken, various defects 
have become apparent with continued use 


At first it was hoped that one scale (covering a particular wavelength region) 
would suffice to fit fairly closely all plates in any one batch, and that only with differ- 


} 
ent batches would other scales be required. Variations within a batch and change 


of contrast with age of plates, however, made it necessary to have several scales on 


hand even for one b Eventually eight scales were available, drawn at intervals 
over a period of years, mainly to fit different batches of plates They bore no 
sin ple re lationship to one another and consequently irregular gaps existed between 
them. From time to time plates could not be fitted accurately to the existing scales 
ind corrections had he made, with loss of one of the advantages of the method. 

In order to accommodate a wide range of plate types more systematically, it 
was decided to draw a family of scales covering in regular sequence the range of 
contrast that experience had indicated was likely to be encountered 


Factors affecting the construction of seales 
Early in the work on intensity scales it was found that when a plate in a particular 


batch would not fit the scale used for most of that batch. the required adjustment 


* This is Part 2 of aper his title, Part | was published i: the Journal of the Optical Society 


of America [9] 
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for the higher intensities was sometimes different from that for the lower intensities 
The calibration curve of scale reading versus true intensity for such a plate very 
often took the form of two 

more or less straight lines 

intersecting at a point in the 

middle of the useful density 

range. The plate could, how 

ever, be fitted by combining 

the top portion of one scale 

with the bottom portion of 

another. 

The point ot intersection 
of the two calibration lines 
corresponded roughly to the 
intensity at which, in the 
graph of linear galvanometet 
deflection versus intensity 
on log-log paper, the linear 
section of the curve met the 
curved section as shown in 
Fig. 1. 

The point of intersection 
was also found to occur at 
approximately the same in 
tensity (corresponding to a 
transmission ofapproximate 
ly 30 % ) with all plates of the 
same emulsion, developed 
under similar conditions. By 
fixing this point for all scales 
and cutting them there, com 


binations of any two scales 


could be used. 


Statistical survey 
of calibration curves 


Before constructing the family of 
scales, a statistical survey was 
made of the calibration curves 
of some 400 plates, comprising 
eight different batches used at 
intervals over a period of several 
years. The range of contrasts 
likely to be encountered was Fig. 3. Deviation 
thereby determined 

All observations were based on the readings taken with one particular scale (scale 0, Fig. 1 
Fig. 5 shows its relation to optical density) which appeared from a preliminary survey to be the 
one most frequently used. With this scale in the densitometer, calibration curves relating seals 
reading with true intensity were drawn for all plates. For plates that fitted the scale exact! 
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were photographically reduced for use with the Hilger Galvoscale Projector.) The drawing of 
17 scales in this way would have been tedious and time-consuming and some other method 
was sought 

Eventually a method was devised that not only simplified the drawing of the scales but 
also made them easier to use 

The device, illustrated in Fig. 3, permitted all the scales to be drawn on an opaque base, the 
galvanometer spot being reflected on to their face by means of a mirror. The scales were cut 
it the 100 intensity mark and each section mounted on a cylinder. The two cylindrical scales 
so obtained are capable of independent rotation enabling the top half of one scale to be combined 
with the bottom half of another. 

The construction of all the scales as a family, in addition to making the actual drawing of 
them easier, also permitted the insertion of half of them simply by interpolation. This has been 
done as shown in the reproduction of the final drawings in Fig. 4 


Use of the scales 
For plates whose calibration curves lie between two scales, the maximum error 
resulting from using the nearest scale would be 2% at an intensity ratio of 
five. If appropriate line pairs are chosen, intensity ratios greater than five are seldom 
encountered in metallurgical analysis 

To select the appropriate scale for use with a particular plate, a calibration curve 
is obtained, using scale 0 with the densitometer. If the calibration curve deviates 
from 45°, then the scale corresponding to the deviation is selected and used for all 
other densitometric readings, within the relevant wavelength region, on that plate 
With the appropriate scale on the densitometer, the curve becomes a straight line 
at 45°. 

At Defence Research Laboratories plates are calibrated by the line group method, 
ten lines in a stabilized nickel arc being used in conjunction with one step of a stepped 
sector, resulting in 20 calibration points ranging in intensity from 1000-8 in the 
arbitrary units used here 

The calibration curve so obtained covers the wavelength range where the gamma 
remains approximately constant, that is from 2500-3300 A, on orthochromatic plates. 
The scales are also useful for making intensity measurements at wavelengths outside 
this region. A calibration curve for a particular wavelength is drawn with the aid 
of a stepped-sector and iron arc, using scale 0 on the densitometer, the curve again 
taking the form of one or two straight lines. The appropriate scale is then selected as 
before. With our usual plates, if a plate fits scale 0 for the constant-gamma region, 
the other scales will cover the wavelength region 2300-4500 A. Outside the range, 
translation from a graph is necessary. 

The scales have been used for the photometry of plates other than orthochromatic 


typical calibration curves are shown in Fig. 5. Incidentally these curves also give 


an indication of the relative speeds since the source of light used was of constant 
absolute intensity and exposure times were the same. The scales can be used for 
plates of any emulsion type developed in any developer provided the appropriate 
correction procedure is followed. 

Plates are sometimes encountered that give calibration graphs that are not 
straight lines and hence cannot be fitted exactly with a scale; therefore with these 
it is still necessary to apply corrections. This difficulty, however, arises only occassion- 
ally and, even so, obtaining intensities from a graph of true intensity versus reading 
on intensity scale is less troublesome than from a density-intensity graph as the 
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latter usually exhibits more curvature unless modified by some means such as 


a SEIDEL transformation [5]. In a previous paper |9]| two methods of magnifying 
deviations in a graph and obtaining intensity values from a badly fitting scale 
without reference to a calibration graph were described Ex perience has indicated 
however, that most operators prefer to use the simple calibration graph for corrections 
The number of plates giving curved calibration graphs encountered during the 
statistical survey, and the extent of their curvature, are given in Table 2. The 
extent of curvature isre 
presented as the slope 
increase in degrees bet 
ween 10 and 50 for the 
lower intensitiesand bet 
ween 500 and 1000 for 
the higher intensities 
When background 
corrections are made 
it is often found that 
the actual error in ana 
lytical results is very 
muchsmallerthan would 
appeal to be likely with 
the degree of curvature 
observed. This has been 
discussed in the earlier 
paper y 
No thorough investi 
gation has been unde 
taken to determine why 
some plates give these abnormal calibration g1 iphs, but it is “i that incon 


sistent developing conditions are often the cause 


} yoy 
lable 2 I neide nee of curvature in calibration grap 


T - 





Curvature (slope increase 
in degrees) 

No of plates low intensities 
10—50 (densities 0-06-0-30 

No. of plates, high intensities 
500-1000 (densities 


1-16-—1-45) 





Curves obtained with the same emulsion using three different developers at 
different temperatures are shown in Fig. 6 

The metol developer is that commonly used at Defence Research Laboratories 
the formula being Metol 5g, sodium sulphite (anhydrous) 25 g, potassium bro 
mide 2-5 g, sodium carbonate 25 g, water 1000 ml. This developer gives a low con 
trast with clean working characteristics, but the curves given indicate that it is 
more susceptible to temperature variations than is the metol hydroquinone type 
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Figs. (5) and (6) have been included in this paper, primarily to show how the use of 
intensity scales facilitates the evaluation of densitometric data. Similar advantages 
are claimed by users of the modified logarithmik graph papel of HUGHES and 
Murpny [4], and it is interesting to note that the 30% transmission point of the 


paper, where the logarithmic modifications occurs, is identical with the common 


livergence of our intensity scales. One great advantage of our system is that 


ctual intensities are written down as read with no subsequent reference to a graph 


Experience in application 
Although the scales have been used for some time in the routine spectrographic ana 
yses of metals and alloys, all the plates exposed since introduction of the new 
system have been from one batch and variations in contrast unexpectedly small 
As a result, the number of scales required to fit the plates have been only a few of 
those available, therefore the normal prac tice of indi ating the acc uracy of spectro 
graphic analyses, namely, the comparison of results of spectrographic and chemical 
inaly ses obtained on the same samples would not give a true indication of the ad 


vantage afforded by having so many scales available 


Accordingly, in order to obtain plates for use in testing divergent scales, the 
developing conditions were varied. For this purpose a number of plates were ex- 
posed to a series of spectra fronf a standard aluminium alloy, together with several 
calibrating spectra, and then each was cut longitudinally to give two halves. One 
half was developed under normal conditions, while the second was processed in 
another developer. The two halves, by exhibiting different contrasts, required 


different scales for their photometry. Results, given in Table 3, of the intensity 


ratios of line pairs in the aluminium spectra, show how effective the scales have been 
in compensating for different contrasts 


Systematically higher rating obtained for the Mg, Cu and Ni lines on plate 
964 B are considered to be due to non-uniformity in the emulsion along the length 
of the plate which is frequently observed and affects particularly ratios of lines widely 
separated. That it is not due to incorrect calibration is confirmed by the fact that 
the largest difference occurs with the pair Cu 2824/Al 2669 which has a ratio very 
near unity and therefore should be little affected by any error in calibration curve. 
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Conclusion 


It se ems that the accuracy of the spec trographic analy ses of the metals and alloys 
received at De fence Re seare } Labor 


ttories has not deteriorated through use of Inten 


sity Scales, so it is reasonable to assume that the object of using them, namely, the 
increase ol speed of analyses without le 


f ss of accuracy, has been achieved. Increase 
in accuracy ! 


jllows from easier reading of intensities and elimination of errors in 
volved in reading graphs 
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I. Introduction 
In recent years, Sev eral different ty pes of photoelectric equipment for spectrochemical 
analysis have been developed. With these, it is claimed, analyses can be carried 
out more rapidly and with higher accuracy than is possible by photographic methods. 
Two types of equipment may be distinguished: 

(i) Multi-cell systems, in which a number of photocells are placed behind the focal 
plane of a spectrograph, each cell receiving a monochromatic radiation, selected 
by a fixed slit and deflected to the photocell by a mirror. 

(ii) Two-cell assemblies, in which only two spectrum lines at a time are compared, 
different line-pairs being examined during separate exposures or at different times 
during the same exposure. The movement of the photocells and slits to receive 
various line-pairs may be accomplished either manually or mechanically. 

Assemblies of the first type, which are preferable for routine analysis of a partic- 
ular alloy containing many components, have been described by HASLER [1], [2], [3] 
(for aluminium alloys, steels, or zinc die-casting alloys), SAUNDERSON [4] (magnesium) 
and by Congur and Hans [5] (steel). 

The systems described by the first two authors are commercially available, 
a complete installation costing upwards of £10,000. Equipment of the second type, 
which can be used with prism spectrographs, and which is rather more flexible in 
its application, besides being cheaper, has been described by BOETTNER and BREWING- 
TON [6] (magnesium alloys), NAHSTOLL and Bryan [7] (magnesium alloys), DIEKE 
[8], [9] and Crosswuite [10] (research purposes), GUIBERTEAU [11] (aluminium 
alloys), OrsaG [12], [13] (aluminium alloys), and ByLunpD and Rvppere [14] 
(silicon in steels). An apparatus of the latter type comprising a photocell adapter 
for a Hilger Littrow or Medium Quartz spectrograph has been developed in the 
Association’s laboratories and is described in an earlier paper [15]. 

The methods of intensity measurement used in these direct reading spectro- 
graphs are 

(i) Integrating methods, the photocurrent charging a condenser during exposure. 
The charge may be measured directly, using a high-impedance bridge circuit, or 
may be allowed to leak through a fixed resistance (the time taken for the voltage 
to drop to a certain value being recorded), or may be used to operate a counting 
device a large number of counts being obtained for each exposure. These methods 


* The work described in this paper was made available to members of the B.N.F.M R.A. ina 
confidential research report issued in June 195] 

** Formerly Investigator, B.N F.M.R.A., Lon at the Royal Aircraft Establishment, 
Farnborough. 

*** Investigator, B.N.F.M.R.A., London 
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give a measure of the total 
energy radiated in a particular 
wave-length during the ex 
posure time 

{11 Averaging ’”’ methods 
the potential drop produced 
by the passage of the photo 
current through a resistor being 
amplified and recorded The 
vecuracy obtainable by this 
method is not normally as high 
as that obtainable by method 
due to the fluctuations 
which occur in the intensity 
ot a spectrum line and in the 





ratio of the intensities of two 
lines during one exposure, and 
ulso from one exposure to an 
other. even when the mean 


current ove! several se 


convenient 

oth methods 

measurement 

mainly for ana 

ii) when setting up 

cells on spectrum 

or observing fluctua 

tions in the light output from 
pectrographic source units 

In the following sections 

measuring equipme nt using both 

the above techniques, which has 

been developed for use with the 

Association’s two-cell adapter 


roamp; V, V, 
rantiDBM4A 


is described, and the results 
obtained in the applications ol 
this equipment to measure 
ments on steady light sources, 
and to spectrochemical analysis 
of a typical aluminium alloy, 
are discussed Com parisons are 
made of the accuracy and speed 
obtainable in analysis although 
the latter was not a major consideration in design) with the results obtained 
by conventional photographic techniques, and by other workers using photo 
electric equipment 





A photoelectric apparatus for spectro 


The development of the apparatus, and some preliminary tests on its ipplication 


were carried out by the first author. Modification to the apparatus which resulted 
in improvements in its precision as a measuring device, together with a more detailed 


examination of its performance, were carried out by the second author 


Il. Measuring equipment 
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(B) Precision of Comparison of Light Intensitie 
In order to determine the precision with whi wo raqdiatio i nt wave 
lengths can be compared, using a littrow spectrograph with , dapte1 


and electrical equipme nt described above. a tungsten lamp run nst oltage 


was used as a stable light source. The lamp was set up on the « ( f the 


spectrograph the pn ytocell housings being set at wavelengths of 4500 A and 3500 A 
respectively Before taking readings the electrical equipment was run for one hour 
Then ten measurements were made over a period of one hour; f ‘ach measurement 
the photocells were ¢ xX posed to the radiation oO! 10 sec without il y then the 
photoc urrents were integrated for 50 se During alternate « xposures, a B.N.F 
General Purpose Source Unit was run near the equipment to test the ett lency ot 
the screening and earthing systems and to simulate analytical conditions : far 


as possible 
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using varying appreciably 
ignitude of was also found to vary appreciably 

ance it width used, decreasing at narrow slit widths (0-015 mm) 


e aperture f the lens was more completely filled as a result of diffraction 


entrans 
It was found possible, by empirical adjustments to the position of the mirrors 


n the photocell housing d settings at which the effects were small and of the 


same sign for each photocell, a displacement of the source of 2 mm in any direction 


perpendi ular to tie pti il AXIS produc ing a change ot less than 1% in the apparent 


intensity ratio. These settings were used in the application of the equipment to 


routine analysis, and were found not to require alternation in the wavelength range 
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IV. Application to spectrochemical analysis 
|. EXPERIMENTAL CONDITIONS 


Preliminary measurements on the reproducibility of the intensity ratio of two lines 
in the spectrum of a mercury discharge lamp showed that, while consecutive readings 
agreed to within 2%, there was a drift of the average intensity ratio with time, due 
to temperature changes in the spectrograph. The magnitude of the drift was depen 
dent on the width of the slit in the photocell housing, being of such magnitude as 
to make routine analysis impracticable at a slit width of 0-1 mm, and of negligible 
magnitude at 0-2 mm. The latter slit width was used in analysis, although the mini 
mum resolvable wave-length separation was increased to 2A at this slit width 
compared with 1-5 A previously obtained [15] at 0-1 mm slit width 

The width of each photocell housing (32 mm) prevented the simultaneous 
examination of spectrum line pairs closer together than 150 A at 3000 A so that 
since many of the line pairs used in photographic work are closer than this, a com 
parison of photographic and photoelectric methods using the same line pairs was not 
possible with the equipment. Also, the large dark current of one of the photocells 
(No. 2) made it desirable to use stronger lines on this channel than are normally 
used in analysis. Photocell No. | was therefore used for measurements on the analysis 
lines, and Photocell No. 2 for the internal standard line, a strong line separated by 
more than 150 A from the analysis lines being used 

The materials used in the study of the line-to-background intensity ratios of the 
various impurity lines and of the reproducibility obtained in analysis were three 
duralumin-type alloys, six samples of each of which were available. These samples 
had been used extensively in comparisons of the reproducibility obtainable with 
several different types of spectrographic source unit by photographic methods, so 
that direct comparison could be made with the photographic results 


The composition of the standards is given in Table 2. 


, Compositi 


standard sam ple 8 





- 


Zn 





tT 


0-02 | 
0-13 | 0-100 | 
| 


O-O25 


0-93 | 26 0-250 





The lines selected for analysis and the experimental conditions were as follows 

Channel 1: Photocell 90 v stag Integrating condenser 0-2 uF. Lines Si 2881-6, Ni 3414-8, 
Mn 2949-2, Mg 2779-8 A 

Channel II: Photocell 75 v stage Integrating condenser *. Lines Al 3082-2, 3586-9, 
3944-0 A 

Excitation: General Purpose Source Unit [19 Circuit constants in low-voltage circuit: 
Capacity 20 uF, inductance 0-06 mH, resistance 5 Q 

Optical system: Hilger Littrow spectrograph. F. 1025 lens 2 em from entrance slit. Entrance 
slit 0-015 mm wide, 5mm long. Exit slits 0-2 mm wide 

Electrodes 38cm from entrance slit. Two rods of sample 6mm diam., turned to 4mm diam. 
over 1 cm length at sparked end. Gap width 4mm 

Pre-spark: 10 sec. Exposure 50 sec 

Under these conditions the average values for the photocurrent given in Table 3 were 
obtained with sample HX 3 at the wavelengths selected. 
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2 REPRODUCIBILITY OF PHOTOELECTRIC METHOD 
With the above experimental conditions, a series of exposures was made for several 


line pairs, each series consisting of six exposures of each of the three samples 


Before each series of exposures, the cell housing was set roughly against the required 


iligning a marker on the housing against an illuminated positive print of 


spectrum .j then, more accurately, by profiling” the line the 


photocurrent was a maximum Thi 


int of the intensity fluctuations which 








For each element a working curve was plotted of the mean voltage and voltag: 


ratio reduced wwainst concentration the concentrations corresponding to the 


a Be 
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individual voltages and voltage ratios were read off, and the coefficients of variation 
of the concentrations were calculated for each standard, giving results corresponding 
to an “absolute intensity’’ method (S,) and an “internal standard” method (Sz). 
These results are given in Table 4, together with results obtained photographically 
in the Association’s laboratories, and under identical excitation conditions. 

The working curves obtained for typical series of results are shown in Fig. ‘ 
the mean intensity ratios being reduced to unity at the highest concentration 
each element. 

Since the response of a photoelectric cell is proportional to the light intensity 
over a wide intensity range, the form of the working curve should depend only on 
the conditions of excitation, and should be reproducible from one occasion to another 


Table 4. Precision of analysis of duralumin alloy. 





Photoelectric method Photographic method 


t 
Coefficient of variation Coefficient of variation 





Absolute intensity Internal standard Internal standard 
Line paw method method method Line paw 


me a 
HX | HX3)HX4|HX1 HX3|HX4/HX1!| HX3 | HX4 
S] S; | Sr: | Sr | Sr | Sr} Sr | Sr | Sr 
4 
' 





1 oa ee } 
| 


Si 2881-6 
Al 3944-0 
Si 2881-6 
Al 3082-2 
Mn 2949-2 5! : : 2. ‘ 2688-2 
Al 3586-9 , ‘ : i. 2669-2 
Mn 2949-2 | 
Al 3944-0 

Mg 2779-8 j } as f Mg 2776-7 
Al 3944-0 } : 7 || Al 2669-2 
Mg : 
Al 

Ni q { : . : 3: Ni 3414-8 
Al 3944-0 > ! 2669-2 
Ni 3414-8 
Al 3844-0 


2-0 











provided that accurate positioning of the cell housing on the spectrum line can be 
carried out. It should only be necessary therefore, when carrying out an analysis 
to measure one standard, fixing the scale of the working curve, and applying the 
reduction factor thus determined to the intensity ratios for the samples under test. 

The validity of this procedure was examined using the working curves of Fig. 3, 
the reduction factor being determined on each occasion by a measurement on 
standard HX 4, and standard HX 1 and HX 3 being analysed. 

From measurements on ten different occasions for each element, spread over 
several months, the coefficients of variation given in Table 5 were obtained. 
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The coefficient of va 
riation of the ratio of the 
photocurrents for sample 
HX 4 was about 10% for 
all elements. Changes of 
this order could be due 
to changes in the relative 
sensitivities of the two 
cells on different occas 
ions, as currents large 
enough to cause fatigue 
were often drawn from 
the cells when not being 
used for analysis. A 
system incorporating a 
tungsten lamp for contin 
uous “fatiguing’’ might 
enable changes in the 
working curves, due to 
real changes in the va 
riation of intensity ratio 
with concentration, to 
be detected with higher 
precision. 

Several conclusions 

=o : : may be drawn from the 
SMe above results 

3. Typical working curves for the analysis of Si, Mn, Mg, Niina (i) The accuracy ob 

duralumin-type alloy. tainable in the analysis 

of a duralumin type alloy 

Table 5. Long-term reproducibility with the present equipment, is not, in general, 

of analysis with fixed working curves. significantly higher than that obtained by photo 





graphic methods. Exceptions are the analysis for 


Coellicient of 


variatior silicon at high concentrations, and for nickel. As 


HxX1!/Hx 3 the precision with which integrated light intensities 
— can be compared (~0-2%) compares favourably 


Si 2881 f with the best photographic methods (~1-3%), it 
Al 3944 : is evident that a large proportion of the error ob 


Mn 2949-2 5 5 tained is due to variability of excitation. 
Al 3944 These results may be contrasted with the results 
Ni 34148 | 2 7 obtained by Hans [20] in the analysis of steel, in 
Al 3944-( which it was found that errors of 1-6% obtained 
Mg 2779-8 in the analysis, by photographic methods, of steel 
Al 3944-0 for Cr, Mn, were reduced to 0-6-0-8 % when photo- 
electric methods were employed. 

(ii) The accuracies obtained are lower than the accuracies claimed by other 
workers using photoelectric equipment. OrsaG using a two-photocell system, 
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claims accuracies of 1-5% of the concentration for duralumin alloys, using Al 3944 
as an internal standard line, while accuracies in the range 1-2% are claimed by 
Has_er for more elaborate commercially available equipment. However, in these 
systems, both the electrode system and type of source unit differ from those employed 
in the present work. 

(ili) It is evident that for the internal standard line, strong lines of the major 
constituent, exhibiting considerable reversal, and differing in wavelength by several 
hundred Angstrom units from the analysis line, may be used. That these lines per- 
form the function of internal standard lines is made clear by a comparison of the 
coefficients of variation for the absolute intensity method with those for the 
“internal standard’’ method in Table 4. The latter are significantly lower. The 
soundness of this variation from the photographic method which was made originally 
from necessity, has been more recently confirmed by measurements of the coefficients 
of variation of the intensity ratios of the lines Al 3082-2 and Al 3944-0 A with 
Al 3050-1 A, values in the range 0-8—1-0% being obtained. 

The use of strong lines in photoelectric spectrochemical analysis is in contrast 
with the photographic method, where the choice of lines is restricted to a certain 
wavelength and density range, the accuracy in general decreasing as the wavelength 
and intensity difference between the analysis line and the internal standard line 
increases 

(iv) The long-term reproducibility, obtained by using fixed working curves, is 
significantly worse than the short-term reproducibility, particularly for the elements 
Mg and Ni, for which the line-to-background ratios are lowest. This effect is probably 
connected with the difficulty experienced, due to intensity fluctuations, in setting 
the photocell on a spectrum line so as to obtain the maximum photocurrent. A slight 
change in the relative positions of slit and spectrum line on different occasions might 
while allowing the whole of the spectrum line to pass through the slit, result in 
a difference in the relative photocurrents due to the spectrum line and the back 
ground continuum and hence in a displacement of the working curve at low concen 
trations 

3. SPEED OF ANALYSIS 


The time taken for analysis with the photoelectric equipment described is a simple 
function of the number of elements and the number of samples for which analyses 
are required. For the determination of y elements in x samples, this time is 
y(10 +- 4x) minutes, based on 10 min for location of the spectrum lines, and 4 min 
per exposure, from receipt of the sample to calculation of the voltage ratio. A com 
parison of this time with that taken by the photographic methods, assuming normal 
methods of plate calibration and processing are used, shows that the yy tion 
of the present equipment to routine analysis is only justified on economic grounds 
in cases where not more than one element needs to be determined in large number 
of samples 
VY. Conclusions 


It is evident, from the experimental results, that the equipment described, while 
comparing favourably with photographic methods and with other photoelectric 


equipment in the precision with which light intensities can be compared, at present 
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offers no advantages over conventional photographic methods as regards the accur 
acy of the determination of minor constituents in aluminium alloys. This is due to 
the small contribution made by plate variability and photometric errors to the total 
variance in analyses of this type, most of the errors being due to variability of the 
total energy radiated by the source from one exposure to another. This conclusion 
| 


may not apply to other alloy types or to equipment employing different methods 


of excitation. in which the contribution of ‘‘excitation”’ errors to the total analytical 


variance may be smaller 

A limitation of the apparatus described is the slow speed, compared with photo 
graphic methods, in the analysis of several constituents of an alloy, since a separate 
exposure is necessary for each element in a sample. This limitation does not exist 
in more elaborate commercially available equipments, where many photocells are 
used, or in ‘“‘scanning’’ methods which eniploy mechanical means for setting the 
cells on to successive lines in the course of one exposure. Applications in routine 
analysis for which the use of the apparatus may be considered justified are to the 
determination of selenium in copper-ba illoys, the determination of phosphorus 
in steels, both of which pres hotographic work owing to the short 
wave-length of the radiation cones ind to the determination of silicon and 
magnesium at hig! concent! on 1 a im illoys 


Valuable experience has been gained with the present equipment in the advan 


tages and limitations of the photoelectric method, which apply also in some measure 


sO more elaborate dire ct-readn = equipment | he mast import int causes of errors 
in photoele tric equipment appear to bye 

( Variability in the electrical response of the system with small displacements 
of the electrodes 


(2) Variability in the setting 


of the photocell relative to the spectrum line from 
one occasion to another In the present equipment where the setting is effected 
manually, accurate positioning of the photocell is made difficult by fluctuations in 
the intensity of the emitted radiation. In systems using fixed cells, movements of 
the spectrum lines relative to the photocells may occur due to atmospheric tempera 
ture and pressure changes. In either case the effect may result in a change in the 
shape of the working curves, particularly at low concentrations 

Effect (2) has been considered by many workers, but the possible magnitude 
of (1) does not in general appear to have been realised, although taken into account 
in the equipment described by SAU NDERSON | It is clear that effect (1) may be 
reduced in magnitude by improvements in the geometry and precision of electrode 
assembly, while (2) may be reduced by improvements in the stability of the light 
emitted in the dis harge 
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Summary 


The apparatus used in this work comprises a double photomultiplier adapter ot 
the variable wavelength type, designed primarily for basic research with quartz 
prism spectrographs, and an electrical integrator Details of performance are 
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given for electrical and for photometric measurements and the influence of move- 
ments of the light source is considered 

The precision of analysis using duralumii alloy with excitation conditions of 
comparatively large variability, was not found to be significantly higher than by 
equivalent photographic methods except in the case of silicon at high concentrations 
and for nickel. The accuracies found were lower than those claimed by other workers 
using photoelectric methods, the difference being attributed to excitation conditions 

It was convenient to use as internal standards lines of high intensity, well 
separated in wavelength, and this procedure was found to be reliable. The long 
term reproducibility of the results was worse than the short term value, because 
of temperature effects. The speed of analysis with the adapter in its primary form 
was not high when used for determinations of more than one element. 
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recording spectrometers, where a revolution counter and fiducial marker system 
can be used. In any case, however, recent work has shown that it may not be reliable 
enough, and may lead to substantial errors far outside those which should now arise. 
A better procedure would clearly be to determine the position of a given infra-red 
line by interpolation between two other standard lines lying closely on the two sides 
of it. Periodic screw errors in the grating drive can then also be avoided. Unfort 
unately, few absorption lines for use as secondary standards yet exist. Rao [1], and 
PLYLER, BENEDICT and SILVERMAN [2] have recently listed a group of constants 
from which a set of such close lying lines in the region 4-4-5 u, being those of the 
R and P branches of the fundamental vibration bands of carbon monoxide can be 
calculated. These frequencies have been computed with high accuracy from data 
on a large number of overtone and combination bands at higher frequencies. By 
contrast, the measured positions of absorption lines of carbon dioxide and water 
vapour in the region 2-6 u as recorded in the literature are unsatisfactory. 

In order to establish more convenient absorption lines as secondary standards, 
we have similarly measured the wavelengths of lines in absorption bands of some 
common simple molecules, including the present example of hydrogen iodide, using 
the higher orders of atomic arc lines as reference standards. Similar work has recently 
been described by PLYLER, GaILaR and Wicerns [3]. The are discharges of neon 
argon, krypton and xenon, together with the mercury, provide many useful lines 
if several orders are used, and we have used them for this purpose. They suffer 
from two disadvantages, however, namely that owing to the sparseness of lines in 
some regions it may be necessary to interpolate between lines as far apart as 30 cm“, 
and also that pressure broadening—particularly marked in high pressure lamps 
causes an uncertain displacement of wavelength. Further, many useful lines of the 
rare gases lie in the red, a region not suitable for most detectors. We have used 
a photoconductive cell of cadmium selenide with some success for recording red 
lines, but it is not very sensitive to other wavelengths. 

We have therefore reverted to the method of recording across the infra-red region 
concerned the entire spectrum of an iron arc in several orders, using an electron 
multiplier as detector. The latter is mounted in a holder which can be fitted behind 
the exit slit of the grating spectrometer without in any way disturbing the photo 
conductive cell and system of condensing mirrors used for recording the infra-red 
spectrum. We have usually divided the region being studied into sections 50 to 
100 cm~'. The absorption band is first recorded, then the spectra of the iron are 
successively in several orders and finally the infra-red absorption is remeasured 
Particular care is taken to maintain exactly similar collimation in the external optics 
when the iron arc and Nernst filament are interchanged, and the room temperature 


is kept constant to about 1° C. Over such small regions the dispersion follows a linear 


equation v = a + 6x very closely, where x is the reading of a revolution counter 
on the driving mechanism, set to zero at the start of each region. Marks correspond 
ing to this counter are made automatically by an electric relay at intervals of about 
2 cm along the record, the chart speed being variable over a wide range. Using 
the iron lines as standards the constants a and 6 in the above cquation can then be 
chosen conveniently so as to obtain an error curve over the region, from which the 
position of absorption lines can be determined later as required. Iron lines of known 
wavelength can usually be obtained throughout an entire region at intervals 2 to 
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3cm '. Wavelengths were taken from the M.I.T. tables [4], and corrected to vacuum 
ising the formula of Meccers and Peters [5]. In this way it seems possible as 


. or 


rule to fix the position of lines in the region 2000—2500 cm to 0-03 em 
better, much of this unce:tainty arising from a slight non-reproducibility in the 
mechanical motion of the grating mechanism. It may be noted that our direct 
measurement of the lines of the fundamental carbon monoxide band agreed with 


the values of PLYLER, BENEDICT and SILVERMAN within the above limits. 


Experimental details 

The grating spectromete! has been described previously by Mir LER and THOMP 
son [6]. It has recently been improved by a mechanism for driving the grating 
turn table at slower speeds, so that wavelengths can be established more easily. 
Improvements have also been made in the amplifier and homodyne circuits used 
with the lead telluride detector. The latter is cooled with liquid air and a slow 
urrent of dry air is drawn over its window by means of a suction pump in order to 
prevent condensation of water vapour 

The grating used in this work had 7200 lines/in. about 9 cm wide x 8 cm high. 
The spectrometer slit widths were about 0-1 cm. Hydrogen iodide was made 
by adding water to a mixture of phosphorus and iodine, the gas being passed over 
red phosphorus, condensed in a freezing mixture and finally refractionated in 
vacuo. One atmosphere pressure was used in a 20cm path. Unfortunately the 
absorption is weak and the higher pressures which had to be used might cause 


a slight pressure broadening 


Results 

The vibration bands 1-0 and 2-0 of hydrogen iodide were examined by NIELSEN 
und NIELSEN [7]. In a recent paper Naup& and VERLEGER [8] have discussed 
these data in relation to some measurements made by themselves in the photographic 
infra-red. CZERNY [9] studied part of the fine rotational spectrum at longer wave- 
lengths. It will be convenient to discuss these results after stating our own 

The positions of lines in the P and #& branches of the fundamental band 1-0 
now determined are given in Table | 

The following combination differences were plotted in the usual way: 


1B,--6D,) —8D,(J 


2(B,- B,)J? 


Very satisfactory graphs gave the following values (cm~') for the rotational constants 


and band origin 


2229-60 
6-426 
O-1715 
6-2545 

512 


0-00020 


310 





Ihe fundamental vibration band of hydrogen iodide 
rhese lead to the following equation for the frequencies of lines in the band, and 
the difference between the calculated and observed values are shown in Table 1. 
2229-60 + 12-681 m — 0-1715 m* — 0-00080 m? 
The agreement is close, the differences being within the experimental error. The 


value for D, is probably not accurate to better than about 5% since relatively few 
lines have been observed in the R branch. Atmospheric carbon dioxide has lines 


which overlap some of the # branch lines at high J values. which due to their weak 


labled 





cal 


2242-14 2242-11 
54-25 54-27 2216-76 2216-75 
66-05 66-08 | 9903-57 2203-56 
77-49 77-53 | 9190-03 2190-04 
88-65 88-62 76 76-18 
62-0] 


47-51 








absorption could not be fixed convincingly. For similar reasons the experimental 
data do not allow us to estimate the very small coefficient (D, D,) and hence D, 
The latter can be computed from the rel tionship 


~D ih 


An accurate value for @, cannot be determined, however. until the anharmonicity 
coefficient (x.~m,) is found by measuring overtone bands. If we assume for (z,@,) 


the value previously measured by NIeLseN and NIELSEN, namely 39-73cm7! 
we obtain D, 0-00021, in excellent agreement with the value just determined 


Using values for the fundamental constants given by Brrer. we obtain for the 
bond length » 1-608 A 


We may now compare critically the new values for the rotational constante 
with those previously accepted. There are several reasons for regarding the present 


N'ELSEN used effective spectrometer slit 


data as more satisfactory. NIgLSEN and 
widths of about 0-8 em-!, much greater than those now used. The greater resolving 
power is important in the region of the R branch iines since they can be better 
disentangled from the overlying lines of carbon dioxide. The individual line positions 
found by NIELSEN and NIELSEN deviate noticeably from those calculated from their 
final equation, whereas our own agree very closely, presumably because of the new 
precaution of wavelength determination. These deviations are more marked in 
the R branch, however, and may be caused by overlap with lines of carbon dioxide. 
We have also been able to measure the coefficient )), experimentally, and it agrees 
with the computed value. 
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NavUDE and VERLEGER only recorded seven lines in the 4—0 band, and owing 
to some rather long exposures there is some doubt about the reliability of their 
wavelength calibration. The combination differences 4,F''(J) of the several sets 
of measurements are given in Table 2 as far as they can be compared. 

The new values for B, and D, can now be used to compute the positions to be 


expected for the lines in the pure rotation spectrum, using the equation 


2B, (J + 1) —4Do(J + 1). 


lable 3 gives the calculated frequencies, together with the experimental results 
of Czerny. The close agreement is better than obtains using the earlier values for 
B, and PD, and the differences are now within experimental error. 


Ji\and B Table 3. Rotational spectrum 
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alk 





bs 





76-94 76-76 
89-69 89-02 
102-41 102-18 
115-09 115-60 














It would now be interesting to re-examine the first overtone band of hydrogen 
iodide to obtain confirmation of these results and to redetermine (z,@,). This band 
lying near 2-3u can well be studied with a lead sulphide photoconductive cell as 
detector, and this work is now in progress 

We express grateful thanks to the Hydrocarbon Research Group of the Institute 
of Petroleum for financial assistance, to the Telecommunications Research Establish 
ment for photoconductive cells, and to the Department of Scientific and Industrial 
Research for a Maintenance Grant to one of us (D.R.J.B.). We should also express 
ippreciation of helpful discussions by letter and otherwise with Dr. E. K. PLYLER 


ind Dr. G. HERZBERG 


Summary 


n dide near 4-5u has been re-examined using 

Better values have been obtained for the molecular 
he band origin. The new results are not only 
e with data on the far infra-red spectrum 
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Vibration-rotation bands of hydrogen bromide were first examined by PLYLER and 
BARKER [1], who measured the 1-0 and 2-0 bands. Formulae were derived to 
reproduce the positions of the lines, and values obtained from which the rotational 
constants B,, B,, B, and B, could be determined. An isotope splitting was just 
detected in several lines of the 1—0 band, but the overall resolution was not sufficient 
to make a more detailed analysis. Naup& and VERLEGER [2] have recently measured 
the 4-0 band in the photographic infra-red and obtained seven lines for each of 
the isotopic species HBr, H®'Br. They used their new data together with those 
of PLYLER and BARKER to re-evaluate the rotational constants. A re-examination 
of the combination plots drawn from the data of PLYLER and BARKER reveals some 
uncertainty, especially for the 2-0 band. Moreover, the results of NaupEé and VER 
LEGER only provide two combination differences, which is not really satisfactory 

These uncertainties, together with the need for more secondary wavelength 
standards in the infra-red as explained in the preceding paper, led us to reinvestigate 
this fundamental band using the much higher resolving power now obtainable with 
a photoconductive cell detector. As a result we have resolved the isotopic lines very 
well and have been able to make a more satisfactory determination of the rotational 
constants, including D,, D, and D 


Experimental method 

The general experimental arrangement was described by Boyp and ‘THOMPSON in the 
preceding paper [3]. The absorption cell was 10 cm in length, and pressures 50 to 
600 mm were used. For the lines in the A branch with J/ 12 it was necessary to 
use the highest pressures to obtain measurable absorption, and even then the lines 
were very weak. Otherwise the pressure was kept as low as possible to avoid errors 
due to pressure broadening of lines. Hydrogen bromide was prepared by adding 
water to phosphorus tribromide the gas being condensed in a freezing mixture and 
refractionated in vacuo 

The spectrometer was calibrated over the range 3-6-4-4u in several sections 


by recording iron arc lines in several orders with a photomultiplier, as previously 


described. These sections were arranged so as to give an overlap between lines of 
hydrogen bromide on different records. It seemed possible to locate a given line 
to +0-04cm"!, ard probably in general better than this 


Results 


Fig. 1 shows part of the spectrum measured, and indicates the extent of resolution 
of the isotopic splitting which varies from about 0.30 to 0-44 em~' at the extreme 
sides of the band. The positions of the lines in em * (1 )are given in Table! 
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These lead to values of B, and D,. Similar plots, shown in Fig. 2, were drawn for 
Having 


1,F’ (J) R(J) P(J) to obtain B, and D, for the two isotopic molecules 
thus determined a value for (D, D,), use was made of the further relation 


B,)J*— 2 dD, 
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ombpination pilots 


, The plot concerned 
molecular 


to obtain a second and more satisfactory value for (B 


The following values were thus obtained for the 
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is shown in Fig. 3 
constants (cm~'), using the nomenclature adopted by HERZBERG 
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the bands are then given by the following equations 


00-2313 m 0-00153 m3 0-000008 m* 


00-2313 m 0-00153 m3 0-000008 m* 


cies are given in Table 1, and fit the measurements closely, 

being for R(13), an extremely weak line measured with high 
ent far exceeds that found in the earlier data 

the results for the two isotopic molecules in relation to 

nges expected due to the difference in isotopic mass. Fig.4 shows the isotope 

[It varies smoothly, within the errors of measurement, 

' which is the vibrational displace 
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ilong the band 
ilue at the band origin close to 0-36 cm 


26 8-929. we have 
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258-40 cm In order to calculate the band origin 
ile we require to know the anharmonicity 
vertone bands must be measured. PLYLER and 
for this as a mean for the two isotopes, based on 
We can alternatively compute the values for the 
tely using our present data and those of Naup&-and 


molec 


The two values thus obtained are (z,w,)™ 45-037, 


it the ratio of these quantities does not agree with the 
This deviation could not be accounted for by 
is sufficient, however, for our present 


, . _ ° l 
for o 45-10. Then (2,wm,)’* (z,w,)™! 


s it should 
lerived band origins. | 


ulus L_t),j 
’ , oe 


we" 2649-00, so that 


then have w, 2648-60 and wo,” 


The observed value was 2558-76 cm™ 
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' . — 
Now if Be 8-466,, then B; BS 8-469, which is identical with the 


_ — 
measured value. The ratio D%/D*'. which should be given by , will not be quite 


measurable in the present work 
The rotational constants derived from our measurements differ substantially 
from those given originally by PLYLER and BarKeER, and to a less extent from those 


obtained by Naupe and VeRLEGER. The latter workers w nly able. however! 
to determine two combination differences in the 4—0 band for ea isotopic species 
There is perhaps greatest difference in the value of rlcul 
roughly by Naupk& and VERLEGER from the other ec: its to | but 
found to be s 10°& em"! The new i Ss quit ! ition ft 
value of D ind the formula some 


times used for calculating f in term 





of the other constants 18 very sensi 
tive to small variations 

4 further confirmation of our new 
data is obtained by computing the fre 
quencies to be expected for the line 
of hydrogen bromi far infr 
red, measured ear ZERNY 


These ire 1\ yy tl juation 





since 
> 
B, 
beetwen the 
, 


Using the rev | 1ine of the 


we now find for t 


17 





Cattomon: The fundamental vibration band 


[t is evident that the overtone band near 2 u would now be worth re-examination, 
taking advantage of the properties of a lead sulphide detector in this region, and 
this work is in progress 

We are grateful to the Hydrocarbon Research Group of the Institute of Petroleum 
for financial help and to the Telecommunications Research Establishment for a lead 
telluride cell We also thank the Pressed Steel Fellowship Committee for a Fellow 
ship to R.L.W ind the Department of Scientific and Industrial Research for 

Maintenance Allowance (to H.J.C 


Summary 


nd 1-0 of hydrogen bromide near 4 u has been re-examined with 
opic splitting of the rotation lines has been measured and a very 
obtained for the nes of both isotopi species H?*Br, and H®' Br 
rmined for the rotational constants, including the centri 

These new values are in excellent agreement as between 


iccord closel with other results in the pure rotational 
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Spectrographic determination 
of small amounts of Bi in lead using briquetted oxide samples 


P. CORNAND, M. VAN DOoORSELAER and J. GILLIS 


Laboratoire de chimi« analytique de I’ Universit: «(aA 1 


Introduction 
Spectrographic analysis of metallurgical materials in the last 10 years is often carried 
out by using oxide powders instead of metallic samples. One of the reasons why 
powders are used is the lack of standard metallic samples, while powders can easily 
be prepared synthetically by mixing definite amounts of known solutions of the 
various constituents and evaporating the mixture 

The powder to be analysed is usually introduced into a drilled graphite or carbon 
rod and excited by means of an are or spark discharge [1], {2}, [3]. 

Another method of exciting powder samples is the briquetted sample technique | 4| 
which makes use of pellets pressed in a special press The powder may be mixed 
with graphite in order to form an electrically conductive pellet. This method is 
generally less sensitive than the former one, but under some circumstances it leads 
to very reproducible results 

For this purpose it is verv important to ensure a close electrical contact between 
the pellet and its holder 

Sample Preparation 

The metal is dissolved in pure HNO, and the solution obtained is evaporated to dryness 

The Ph(NO,), salts obtained are ground and then converted into oxides by igniting for 
one hour at 600° C. Reproducible oxides are formed when ignition temperature is cortrolled 
Standard samples are prepared by dissolving 1g of pure lead in ILNO, |or—1-600 ¢ Pbd(NO,),] 
and adding definite amounts of a solution of pure Bi in INO These mixtures are then treated 
in the same way 

Electrodes 
One part of oxide is mixed thoroughly in a mortar with three parts of Specpure 
graphite (National Spectroscopic Graphite Powder SP-1) suitable for pressing 
pellets. When more graphite is used, weaker spectra are obtained: spectral intensity 
cannot, however, be increased by using less graphite and more oxide. The ratio 
graphite : oxide = 3/1 is the best with regard to highest spectral intensity. An 
amount of 0-4-0-5g of the graphite-oxide mixture is pressed in a hydraulic press 
at 10000 lb/sq. in. to form a pellet of 12mm in diameter and about 2-3 mm high 
Electrodes should always be clamped very tightly in the electrode holder, in ordet 
to ensure a close electrical contact. This is difficult because pellets are relatively 


fragile and are frequently damaged when clamped. In order to overcome this 
difficulty we tried out a new technique, by which the pellet is pressed on a support 
of brass, i.e. a cylindrical dise of the same diameter and 4mm high (Fig. 1). First 


the support is introduced in the press mould, after which the oxide mixture is 
added and pressed. A circular groove of 1-0 mm depth and 1-0 mm width is machined 
out in the upper surface of the brass support. This causes the pellet to adhere very 
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fast to the underlying support, ensuring a close contact between them Furthermore 


a D.C. are is burning steadily in the middle of the pellet, i.e. inside the groove of 
the underlying support. These thin pellets allow 
the use of a minimum amount of the very expensive 
graphite. The upper electrode is a pure graphite rod 
of the undercut centre-post type machined as shown 
in Fig. 1 and spaced 3 mm above the pellet: The D. 
irc, if not too intense, burns only on the centrepost 


Excitation Conditions and Spectrograph 
n A.R.L. Multisource Unit, supp 


the following characteristics 





ider 300 v is obtained in this way. The 
inode and the are is burned for two minutes 

s applied 
ind should be ventilated between successiv« 
ove vapours of Pb and Bi which 
ntensities in the following exposures 
yhotogt iphed in the first order of an A.RJ 
grating spectrograph (dispersion: 5 A/mm), using 
ntia 38 B iim. The slit is adjusted to 30 


pertul h t ing 18 used 


( i 
} 


Processing and Measurement of Intensity Ratios 
tant-temperature developing machine 
, dited with 3/4 parts of water 
step calibration filter with a 50 
drawn by measuring a number 
nes in a two step iron spec 
calibration curve i 
om the latter in the 
Manne! 
densities are measured 
Zeiss Schnellphoto 
8 Che background of 
is measured at 
gher wavelength 
lransformed densities ac 
cording to KAISER [6] are plotted 
on a“ Respektra”’ calculator [7 
A straight calibration curve for 
densities between 0-1 and 1-8 
an be obtained with this type 
of calculator; for this purpose 
the actual factor of transforma 
tion x should be calculated as 
reported by KaAIsEr (l.c.) for the 
particular case of emulsion and 
development conditions Blank 
exposures however, shov b l rm coincidence with the Bi 3067-73 line. The background 
of this line was measured at 3065-02 A where another band term of the same intensity is found 
rhe log intensity ratio of various line pairs are calculated with the Respektra ( alculator 
from densities, taking into account the background both of standard and analysis lines 
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lhe following line pairs were found to be the most suitable for analysis 


l 3067:-73/Pb 2980; covering the range 0-0003-0-0] B 


b 
i 2898-98 Pb 2980: and 


51 2898-98 Pb 2657 covering 
51 3024-64) Pb 2657, covering 


Working curve ire snow! 


Standard Deviation 


Standard deviation of log intensity ratios is calculated from « xposures of standard 


+ 


samples according to 
BE 

in which v represents the individual deviation of one measurement from the arith- 
metical mean and n the number of measurements. Results are shown in Table 1. 
The relative error in the determination of the percentage. F, is calculated from these 
values, taking into account the slope (tg «) of the various working curves. This 


error 18 shown in the s ime table 





Bi 3067/Pb 2657 
31 3067/Pb 2 ORD 
Bi 2898/Pb 2980 
3] 2898/Pb 2657 


Bi 3024/Pb 2657 





As can be seen from the table very reproducible results are obtained by the 
pressed pellet method using a mixture of graphite and oxide. 

We are inclined to attribute these favourable results to the steadily burning 
D.C. are which can be obtained using the pellets pressed according to the technique 
here described. This pressing technique presents the following advantages 

1A very close electrical contact with the pellet holder, and a reproducible 
electrode temperature are obtained 

2. The are is kept burning steadily in the middle of the pellet. 

3. During the exposure a constant are length is assured 


Summary 


papel a method is described tor the spectrograph determination ot small 


In the present 
. using briquetted samples of oxides and graphite and 


amounts of bismuth in lead (up to 1% 
a stabilized are discharge. Pellets, very easy to manipulate and assuring a very close electrical 
contact with the holder, are prepared by pressing the graphite-oxide mixture on a brass support 
The method is very sensitive and re produc ible and can be successfully 


of the same diameter 
» to be analysed 


applied when pure lead or lead salts, which can be converted into oxides, are 
for Bi. 
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Einer « 


Uber zwei neue Hohlkathoden-Entladungsréhren 


H 


ScHULER und A 


renge br if ht wird 


verOffentlichter 


ingen ni nt « hy 


Mi Hk 


ingen von PASCHEN die Hohlkathode 
ungen weiterentwickelt [1], [2]. Dies 
r Luft, wodurch die Temperatur im 
Entladungsraum soweit herabgesetzt 
werden konnte, dab fiir die Auf 
losung der Hyperfeinstrukturen der 
Doppler-Effekt nicht mehr hinder 
lich war. Neben der Herabsetzung 
des Doppler-Effektes bewirkt die 
Kiihlung mit fliissiger Luft eine 
LuBerordentliche Reinheit der Spek 
tren. Es ist also nicht nétig, die 
Rohre durcheine V orbehandlung, wie 
es bei den iiblichen Entladungs 
rohren der Fall ist, von Wasser 
Kohlenoxyd, Fettdimpfen ete. zu 
reinigen. Weiter bedingt die Hohl 
kathode durch ihre geschlossene 
Form einen geringen Substanzver 
brauch, und bei seltenen Unter 
suchungssubstanzen ist eine Wieder 
gewinnung des Materials ohne wei 
teres moglich [3] 

Im hiesigen Institut ist nun 
inzwischen die urspriingliche Réhren 
form (/. c.) weiterentwickelt und ver 
einfacht worden. Da in neuerer Zeit 
det Hohlkathode auch im Hin 
blick auf spektral inalytische Unter 
seien im folgenden die von uns jetzt 
1 Formen beschrieben 

Isolation konnte bisher bei den 
1e gewisse technische Komplikationen 


r von Metall-Glas-Einschmelzungen, wie sie in 


diese Schw 
Kins I Tre 


! 


ie rigke iten beheben Im vorliegenden 
izungen, die sich seit Jahren sehr gut 
t. sondern halten auch die thermische 





Belastung beim Eintauchen in fliissige Luft aus. Wie Abb.1 zeigt, befindet sich 
zwischen Anode und Kathode ein Glaszylinder G, von 20mm Héhe, der auf der 


einen Seite mit der Anode und auf der anderen Seite mit der Kathode verschmolzen 


ist. Die Anode selbst ist wieder mit einem zweiten Glaszylinder G, verschmolzen. 


Mit dieser einfachen Anordnung ist gleichzeitig eine unmittelbare Kiihlung der 
Anode erreicht. Die am Anodenzylinder A angebrachte Metallrinne B hat folgenden 
Zweck: Beim Eintauchen der Rohre in fliissige Luft wird sonst zunichst die Kathode 
abgekiihlt und saugt dabei die Reste noch vorhandener Verunreinigungen auf. 
Diese kénnen beim Betrieb der Réhre wieder frei werden und im Spektrum in Er- 


scheinung treten. Giinstiger liegen die Verhiltnisse dagegen. wenn man zuerst durch 


Radiat, 


sfain/eé 


Einfiillen von fliissiger Luft in die Rinne die Anode abkiihlt und so die Verunreini 
gungen dort zum Niederschlag bringt. Die Gefahr der Entgasung der Anode beim 
Betrieb der Réhre ist infolge des kleinen Anodenfalls sehr gering. Der AnschluB 
der Réhre an die Pumpe erfolgt durch einen Kernschliff S, in den der Glas 
zylinder G, ausliuft. Der Kernschliff paBbt in einen wassergekiihlten Metallschliff 
M, der durch ein aufgekittetes Quarzfenster abgeschlossen ist und den zur Pumps 
fiihrenden Stutzen P trigt. In das zylinderférmige Ende des Kathodenkérpers 
Z wird die eigentliche Hohlkathode A eingesetzt. Eine gewisse Schwierigkeit 
dieser Anordnung besteht darin, daB die volle Ktthlwirkung der fliissigen Luft nur 
dann erreicht wird, wenn die Kathode sehr genau in den Zylinder Z hineinpabt 

Wir haben deshalb in den letzten Jahren einer Anregung von MAckK und ARROo! 
folgend, deren Réhre in Abb. 2 wiedergegeben ist, die Kathode so umgebaut, wie 
es Abb. 3 erkennen |4Bt. Der kurze Kupferzylinder C ist durch ein 10mm langes 
Neusilberrohr N verlingert. Dieses ist mit einem AuBengewinde versehen, auf das 
sich eine Uberfangmutter U aufschrauben laBt. In den Rand des Neusilberrohres 
ist eine Nut so eingedreht, daB zwei feine Federn stehenbleiben. Gegen diese Federn 





Ott 
Auswech 
| geringer 

er Luft 
Kreislauf zur 
riigerg ist bei 
t erforderlich. Wenn 


' 
lie Beseitigung 





tT we ndig mat hen 
ISSIVC! Luft 
kann man 
itzen (der 


in cle m 


in Abb. 4 

Klektrodet 

i erhalten 

Ibst oder aber von 

der freiwerdenden Vet 


(ilt Roéhre 


| Lusgebildet in dem det 
rt die Stromzufiihrung zur 


hobhrte Quarz cheibe (/) Lut der det 


er Wasserkiihlung aus zug fiihrt wird 


1 vermeiden, ist ein kleine (Juarz 





zylinder Z in die Anode gesteckt. Durch die seitlich ang 
das Réhrchen R ausgepumpt. Die Quarzréhre endet in 
ebenso wie in Abb. 3 in « inem wassergekiihlten Mantelschliff 
zufiihrung zur Kathode l|aBt sich noch dadurch vereinfacher 
Zufuhr durch das Réhrchen R eine Quarz-Metall-Einschme 

Diese Réhre wird man dann anwenden 
wenn zwar hol it verlang 
aber keine f 
steht Fiir 
suchungen ist 
Doppler-Effekt 

Wie aus de 
McNa. 
vorgeht , dis 
kathodenentlad 
Halogenen lm 
reich. Das g 
schmelzbare Metall 
fasser haben eine 
folgender Zusammer 

Mg. 0.51 Mn 
Zn 0.10 

dem PFEILSTICKE! 
als auch in der H 
untersucht. Dabei si: ilkath 
die Zink-, Blei und Magnesiumlinien 
intensiver als die Eisen- und Mangar 
derselben Aufnahm«e tuberdem treten 
gegeniiber den Zink Blei ind Magne 
linien der Aufnahme mit dem P1 
STICKERSchen Bogen stark hervor. Cad 
mium, das im Priifungsbefund des He 
stellers der Legierung iiberhaupt nicht 
erwihnt war. wurde 
zeigte das Spektrum der Hohlkathodenentladung 
Cadmium I1-Linien. Dieser Befund ist ein weiterer Hinws 
weis leicht verdampfbarer K 
kathoden erfolgversprechend 
man auch Formen von Hohlkathod 
matische Untersuchung von Schwermetallen geeigns 
Gesagten wohl die Méglichkeit, die Hohlkathode fii 


mit Erfolg zu verwenden 


Zusammenfassung 


Es werden zwei einfache Formen von Hohlkathodenentladungsréhren beschrieben 


die sich bei der Lésung spektroskopischer Probleme bewahrt haben. Das Haupt 


merkmal der einen Roéhre ist die Verwendung von Glas-Metall-Einschmelzungen, 





H.S§ and 1 1eue hoden-Entladungsroéhret 


die vakuumdicht l } die thermische Belastung beim Eintauchen in fliissige 
Luft aushaiten zweite Réhre kann ohne fliissige Luft betrieben werden. Sie 


besteht : uarz und kann durch einen Brenner oder die Entladung selbst aus 


geheizt und dan gereinigt werden 


Summary 
e been found useful 
of glass to meta! seals 
ug id alr 1 he second 
in be cleaned out by 


h tubes in analytical 


Z. Phys. 1935 96 

O. H. und Mack 

son, Georoce R. und 
etallkunde 1938 30 211 
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Reinigung von Elektroden aus Spektralkohle 


Dr. EKKEHARD PREUSS 


\ Sy 


(ulfgahbe 

e Herstellur i { 
rdei Derartis ( ! ler 

t rP rund Losu n werden 


. . _ j Searbeitu und durch 


durch di Verpac l ire} nfasse! de ‘ 


st 


} 
aun 


ektrod 


elektrode 


Messe 4;rs 


probe an den Arbeit 


gereinigt. Deshall 


fileacht wird 
Priifung des Reinigungsverfahrens 

teinste Kohleelektroden, die absichtlich durch f 

iiber Glas, durch Anfasse I I 1 inreinigt wu! 
den, erhielten nach dem A rlihen wieder ngliche Rein! n lgemeinen kann 
aber nicht erwartet werde! dab dic urspringlichen 


Spektralkohlen ist 


* Hersteller: Gebr. I 


Re inheit besser 
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Note i meetings 


NOTES OF MEETINGS 


The analytical section of the international union of pure 


and applied chemistry 

The Analytical section is composed of a Section Committee 1 grou} t Tommiussions 
working on problems of general interest to analytical chemists and Subcommissior 
working under Commission auspices Che officers of the Section cted at tl 
meeting in New Yor! President C. J. van NIEUWENBURG lft) 195] 
Vice-President I. M Minneapolis )1951—53, Vice President P. E. WEN 
(Geneva 1951-5: l tal (). ASHLE’ Pittsfield 195] 
constitute the ‘, ‘ nn { } ction ommiuttee wh 
of the following 
activities 
The 

President 

BEAMISH 

HARLOT (Pari 

CHIRNSID! ndo 1951-1955 

FricL (Rio de Janeiro) 1951—1955 
GILLIS (Ghent) 1951—1953 
J.1. HorrMan (Washington) 1951-1955 
The Commissions which at present are carrying on the work of the Section ar 

as follows 
Commission on Analytical Reactions Commission des Réactions Analytiques) 


Commission on Mi rotechniques Commission des Microméthodes 


Commission on Physico-Chemical Data of Analytical Interest Commission des 
Données Physico chimiques d’intérét analytique) 
R. G. Bates (Washington), W.R. Brope (Washington G. CHARLOT (Paris 
G. Duyckarerts (Liege), I.M.Kottruorr, Chairman (Minneapolis H. A 
LAITINEN, Secretary (Urbana), G. ScHWARZENBACH (Ziirich L. G. SILLE» 
Stockholm) 
Commissvon on T'erminoloqy and Expression of Analytical Results Commission de 
Terminologie et de Symbolistique Analytique 
D.H. Dopp (Thorncliffe near Sheffield J. Forses, Chairman/Secretary 
Amsterdam R. GaAuGUIN (Paris F. D. TuEMMLER (Emeryville G.7T 
WERNIMONT (New York) 
he Commission on Physico-Chemical Data of Analytical Interest has divided 
its work among several Subcommissions concerned with the following 
Subcommission on Pr larogra phu Data J. HEYROVSKY Prague) 
H. A. LAITINEN, Chairman (Urbana) 
G. SEMERANO (Padova 
J. K. Taytor (Washington 
S. WAwWZONEK (lowa City 


ep 
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ilar structure and spectros Ops 


Subcommission on Emission Spectrography W. R. Brope, Chairman (Washington) 
J. R. CourcuHitt, (New Kensington) 
A. GATTERER (Castel Gondolfo 
J. Gruiuis (Ghent) 
B. F. Scripner (Washington) 


Subcommissto } 10807 on Spectrography W. nr. BRODE (Washington) 
G. DuycKaAERTs, Chairman (Liége 
}. Lecomte (Paris 
G. Mi N (Lafayette) 
Menzies (London) 


lentiome} 


lation Re 1? 


; 


miISS1O1 Oo sponsor the public ition of critically 


imerica i { mportance to the work OI 


iunalytical chemists with authoritative data 


il Results has begun 


units for expressing 


lefinition precision and a 


design of experiments ssary of terms with 


arious languages is also under consideration 


neeting the Section, 1 ction Committee an 


n Oxford. England t f the ( 


NMISsIioOns 


Analytical 


Symposium on molecular structure and spectroscopy, 
Columbus, 9-13 June 1952 


olumbus, under the sponsorship of the Department 
f Physics and Astronomy and the Graduate School of the University has held 
1 Symposium on Molecular Structure and Spectroscopy The following are abstracts 
ipers presented at this meeting 


; 
ROLE CULESA 


ANALYSIS OF THE ULTRAVIOLET ABSORPTION 
OF POLYNUCLEAR AROMATIC HYDROCARBONS 
C. SANDORFY and R. N. JONES 

nal Nesearch ‘ Ottawa, Ont 


Arh anad 


nvelope of the ultraviolet absorption spectrun 
lution by Gauss functions of the form 


where 13 , sing the frequency of the band center, and @ ivy where 
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Such analyses have been carried out for the spectra of the twelve isomeric monomethy] 


1,2-benzanthracenes in n pentane solution both at room temperature and at 100° C over the 
range from 2300 to 4000 A 


To obtain a satisfactory fit with the experi 1s someumes 
troduce component bands 1 ch totally obmerg below the absorptio 
most cases where such hi : have | tn postul ited for the room ten 
they have subsequent 
the belief that s 


nperature spectra 


mathematk 


Absorption bands of 


in the 
fourth and fifth order 


spectrograp! orbi path f 0-007 
to 70 m-atmosphere he seven prog is of ban found by previous work were ob 
served In each progres m tl I I 6 18 essentially the same for a and lhe temp 
erature dependence of at | yand from each of the progressions ] een checked by 
cooling a one-mete bsorption ti dry 


easuring the fu ure specia 


attention has been overlapped | 


tional state Their 1 ional l I a 


ywer vibra 


THI 4 rRONIC STATES OF THE NAPTHALENE CRYSTAL 


O. SCHNEPP and D. 8. McCLuri 


Depart t of Chemist University of ¢ 


a ri Berke 


rhe electronic states of the naphthalene crystal were studied for 


e of providing 
theories of the 


- 


support for the analysis of the gas ph ise fluorescence and testing 
excited states of molecular crystals 

We first studied the pol irized emission of the three crystallogr aphi plane s of single oriented 
naphthalene crystals at 20° K and 77° K. All the lines of the emission are predominantly polar 
ized along the b-axis. The unpolarized spectrum is the same as was found by OBREIMOV and 


SHABALDAS and shows many similarities to the gas phase fluorescence, which was recently 


investigated by the authors According to theory, 3.4.5 two electronic states belonging to 


different represe ntations of the factor group of the crystal should ippear in the crystal for every 
electronic state of the free molecule. The fluorescence is resolved into two band systems, one 


beginning at 31060 cm and the other at 29945 cm. The latter system appears with greater 


sharpness in the emission at 77° K from the AC plane than does the 31060 system. | 


irthermore, 


it is difficult to find a vibrational analysis which fits the 29945 system into the 


31060 system The two systems are both strongly polarized along the b-axis. It can then be 


argued, with certain assumptions, that the transition in the free 


molecule is 1iong the short 


axis of the moleculs According to the vapor fluorescence analysis and the yvapo absorption 


analysis the longest wavelength transition imeur'\ OrTvi sn LHeEOI I symmetry 


forbidden transitions in molecular crystals has not been developed ho. \ ind the above 
conclusions are valid only after extrapolation of the existing theory for allowed transitions 


We have also reexamined the abs rption of naphthalene single crystal nd have studied the 


absorption and fluorescence of mixed cr containing naphthaler I xperimental 


data provide a Dasis fo! rrelation | n electronic states of the ile and those 
of the crystal 
DEVIATION CONCEPT OF DYES 
BROOKER 
Research Laboratori astman lak mpany Rocl eV } n 
Long ‘“conjugated”’ chains of carbon atorhs (i.e., atoms linked by alternating single and double 
bonds) have long been recognized as an essential component of dye molecules However, 


while such chains are necessary for the appearance of deep color in organic compounds, they 
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the diphenyl 


gd 
lengths For deep color it 18 
udily reversible in the sense 


ugated 


than IIb, 

thus correspond 
wavelengths (by 
ly equivalent 
smaller 


and the 


ire has 

n obtained 
itures at least 
sitive detection 
was observed 
obtained. These 
distance 
made with 


vcles broad, 


3 lines gives 
assumed 
noment, this 


obtained 


LEVI 

At ap ; } 5 } ' on oO al was ‘ lines listed 

rable Il were 1 red : I 2163-8 y 10-06 +4 
: 00-0003 A 


0-06 Me and 


¥ 
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The observed spectrur 
by measurement of rotationa 
25000 Me and 23500 Mi 
showed no obvious regcularit 
vapor of TIC] 


rl and 


from electron 
but falls within 
Likewise the 
diffraction 
The valu 
the dipole mor 
this result and 


about the vari 


Infrared vibr 


POLYATOMIC MOLECULES 


Ma 
In the vibrational a reasons, 


a greater number oleculat 


motions 
The difficulties arising for the def tio [ certain yp itia nsta 2 are considered and 
the impli tions regarding he tra ter r ye intial onst ‘ | sed 


THE VIBRATIONAL SPECTR DIMETILYLAMINODIBORANE 


Sohn f ct 
\ i} 


The infrared and Raman spe« of dimethylaminodiborane. (CH und its deuterated 
relative, (CH,),NB,D,, ha een determined, A_ satisfactory 


issicniment has 


been achieved. Depolarization data have helped to confirm the C, firuration 


riiky INFRARED SPECTRUM OF DETENI 
W. IL. FLetcner and W. F. ARENDAL} 
Depart t f t rhe tf ‘ t of 'T one Kk noxy rennesse 

The infrared spectrum of | DCO and the spectrum of mixtures of CIIDCO, ¢ DCO and ¢ 1,co 
have been observed from 2-5 to 25 u with a PERKIN-ELMER Model 12-C Spectrometer. In re 
examining the spectrum of ClI,CO, a record of the KBr region has been obtained with mueh 
greater resolution than has been previously reported 

Grating spectra have been recorded over the regions of Ve, 3 Vas nal vr, lor ¢ H,CO 
and »,, ¥,, ¥,, and 2», for CD,CO. The analysis of some of these b n carried out 
and moments of inertia have b obtained for both molecules 

Examination of the prism and grating spectra lead to significa hat sin the assign 
ments of vy, and », which were given by HALVERSON and WILLIAMS for ; Assignments 
of the other fundamentals of CH,CO remain unchanged \ satisfactory signment of the 
observed bands of CD,CO and CILDCO has been obtained 


NEW IHIGIL DISPERSION MEASUREMENTS ON 
ll. M. Kaytor and A. Il. Nrevsewn 


Department o j The University of Ts ‘ ‘ Kno ‘ ren 
The infrared spectrum of CD, has been examined from 900 em=! to 7000 em=! with the Uni 
versity of Tennessee prism-grating spectrogr ph, utilizing gratings of 15000, 7200, and 3600 
lines per inch. In order to detect overtone and combination bands, the lead sulfide region was 
mapped using a multiple reflection cell 50 em in length with up to forty traversals 
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t,t INFRARED SPECTRA HIGH POI 
S. Krimm and SUTHERI 
utory of PI 


The infrared spectra of a number of hig! 
20 u and 110 u in order to explore the 
compounds. The number of bands fe 

It has been found that the spectr 
onentation and crvat 

selected compounds will be discus 
observed bands may be made to a 

cular vibrations The last class of 


bonding 


ROTATION SPE 4 IN THI 


The authors have constructed a far infrared grating spectron 
lution in the region of the spectrum trom 100 to 600 microns 
briefly totation spe ectra will be re porte “oft the to 


and CO 


INFRARED ATMOSPHER rRANSMISSION 
W.M 


Department, The J 


Measurements of the transmission j mosp I have beer 


path lengths up to 50 feet in the waveleng ' on. 100 to 6001 
show rapidly diminishing ibsorption Dy mospheric water vapor t to } r wavelengths 
and raise the question of the feasibility o ting solar radiatior V ngths around 
one millimeter 

The solar radiation was detected h 
searchlight mirror, a Golay detector at its { Is, and ck paper filter nount of incident 
flux from the sun was estimated by comparison to that received fro b k body soures 
4 transmission echellette grating was used to obtain the spectrum of the sol radiation It 
was found that the radiation consists of band which extends fro1 ) o two millimeters 
wavelength, with a maximum at 1-5 mm 


PRESSURE BROADENING OF PURE ROTATION LINES OF WATER VAPOR 
SPECTRUM IN THE REGION 490-590 e1 


The spectra mentioned in the title were obtaines th a grat vivil » « ( ving power 
The amount of water vapor penetrate om 0-0045 to 0 em of precipitable water 
This was pressured by N, at pressure rving from 2 to 64 em of mercury reometrical 
path length was 625 feet h por W 

The spectra were pred. from pure re ‘ ' trenot nplic W 
BENEDICT, using a constar width of 0-02 
are ascribed to variatio ‘ } width ( 


Variation 1s ollfered 


Infrared detection and ree wrdine ( 
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100 of the logarithmic units, and another 
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by four figures before the decimal 
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spectral data in the range from 0-1 
spacing trends was found. Also, the 


ch extremes as cosmic rays (0-0005 A, 


ilness inheret hol dvantages beyond the ability of being 
fully ~ rr appreciated, a positive ae Oo the truth of the contention that the 
scale i ould determine its acceptance, : ist in regard to the fundamental principles 
some ot th aval ; certain ones of which are also considered to be criteria of naturalness 
successfully m lhe scope is infinite, and the applicability covers all known radiations; 
constant geom ‘ ind graphical resolution is attained; relations to instrumental factors 
become more : land often simpler the bands tend to be in series and systems which have 
recognizabl atures and from which mathematical relations are evident; and (as with a slide 
rule) the calculation becomes largely a simple mechanical manipulation of distances, except 
for additions and ctions, which must depend on a supplementary nonlinear scale 


APPLICATION OF SERVOS TO SPECTROSCOPY 


C. W. Mitier, A. Savirzky, and L. B. Scort 


The Perkin-Elmer Corporation, Norwalk, Connecticut 


Servomechanisins are now being used widely in the instrumentation for spectroscopy. The 
advantages of such designs are well recognized. However, these advantages are best realized 
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only if great care is taken in the design, and if the user employs the resulting design to best 
mivantage. It is also very important that the user recognize certain limitations which may aris« 

Inevitably, noise, or undesired signal, is present along with the true spectral data. Some 
place in the system an effort is made to attenuate the noise without appreciably affecting the 
spectral data. Often this is done with a filter. Also, elements in the servo can be used to attenu 
ate the noise, and this action is discussed 


The effort to reduce the noise to an acceptable level results, even in the optimum condition, 


in some loss of spectr il data, and can significantly affect resolution either by attenuating certain 
portions of the spectra where it is rapidly varying, or by accentuating certain characteristics 
of the spectra 

Another effect which is encountered arises from friction, backlash, or other nonlinearities 
Commonly this is called deadspot and is characterized by the system not following small inputs 

For spectral lines which have steep sides, or for any spectra which is scanned rapidly, one 
can reach a condition in which the recording mechanism cannot travel at the required velocities 
‘his can, of course, result in serious falsity of the spectra at and near regions of this excessive velocity 

Design techniques aimed at minimizing such difficulties as listed above are discussed 
Examples are given of the effect of such difficulties and considerations for optimum usage are 


suggested 


ENERGY-LIMITED RESOLUTION WITH INTERFEROMETRIC DISPERSING 
ELEMENTS 
C, S. RUPERT 
The Johns ins University, Baltimore, Maryland 
The spectral resolution attainable with a grating spectrometer under energy-limited conditions 
is examined. Other factors being equal, it is found to improve with increase in the theoretical 
diffraction-limited resolving power of the grating. This characteristic determines the manner 
in which a given grating should be mounted and used. The reflection echelon, which is essentially 
a coarse grating, offers one means of improving energy-limited resolution 
Limitations which are inherent in a grating made up of laterally-spaced rulings are avoided 
in a stratified ‘‘grating-in-depth’’, formed by evenly spaced layers of low reflectivity. A similar 
advantage lies with the Fasry-Perort etalon. Ideally, the energy flux per unit spectral bandpass 
available with these devices is two orders of magnitude greater than that provided by a laterally 
ruled grating of the same area. Possibilities and limitations in realizing this gain are considered 


A RECORDING GONIOMETRIC SPECTROPHOTOMETER 
C, CLARK 


Department of Physiology orn University Medical Collegs ew York, Ne York 


For complex samples, the amount of radiation that is deviated by the sample from the direction 
of the direct beam is not readily calculated. This ‘‘scattering’’ also increases the effective 
optical path length within the sample, and in general absorbance is not directly proportional 
to sample thickness. To calculate radiation transfer through such a sample, it 18 necessary to 
huuw sulle “scattering function” as well as absorptivity for all wavelengths considered. 

An instrument has been constructed that allows a detector to be automatically scanned in 
circular arcs about the vertical axis through a sample, and manually moved in 10° steps from 
the horizontal plane of the sample and direct beam to a position perpendicular to this plane 
Part of the reflected scatter can be measured, with some three eighths of the spl ere about the 
sample being covered. This instrument will be described, togehter with certain calibration 
problems and preliminary data on the visible and near infrared scattering of human skin 


Infrared instrumentation 


A NEW PHOTOMETRIC SYSTEM FOR AN ULTRAVIOLET SPECTROPHOTOMETER 


.. C. Hawes and H. Cary 


*hys Corporation, l’asmicna, Califo 


Several photometric systems for the automatic recording of ultraviolet transmil 
cussed. Optical balance systems are held to be less advantageous than elect 


systems for instruments of high accuracy and wide wavelength range because of difficulties 


23 Spectroct 





ce or time sepa 

1 better signal-noise 
ited with multiplies 
s for the sample 

Ss in work 

the two photo 


ystem was chosen 


the monochromati 
otube. A shutter 
The phototube 
cycle so that the 
sample signal by 
exponential 

to balance the slide 
reference signal at 
ves absorbance 
the over-all 

within 0-003 units 


WIDTH IN THE 2-7u BAND OF H,0O 


Ma 


lensities with the 7200-line 
the pressure within 
pressure outside the fully 


order of 0-16 em, and the 


16 shape as passed by the 
ik absorption 

o the absorption 

ividual lines. The 

imetric rotator, 

iker, than the 

i Variation 

ceneral the 


studies on H,O 


Il. OXIDATION 


itt employed 
{ Infr ired spectro 
roups are formed and 


nd groups present ar 





spectrosco 


the carbonyi 


Grating spectra in the 5-6 t ) muicre region reve: 
heat-oxidation are mainly k« ic althou some yvde and acid groups a 
In photo-oxidized samples, th« well distributed among 
acid, and ketone forms 

For oxidized samples showing moderately intense carbonyl! absorptions, there 
CHR groups for both types of oxidation 
of RR 


+} 


increase in the concentration of RH‘ 


both heat and photo oxidatio1 produce decided dex reases 1n the concentration 


ere 


groups, this change is more pronounced in the photo-oxidized samples. Finally 
decrease in the concentration of RH¢ { H, proups in the heat-oxidized samples 
in contrast to a large increase in concentration of RH‘ CH, groups produced 
oxidation 


} 


Limited results obtained following polvetl 


tion of unstable hydroperoxide groups a ) lati oresses 


rHE CORRELATION O] LT RAVIOLET AND INFRARED SPECTI 
ELUCIDATION rURE OF SOME PYRIMIDINI 


MirraM MICHAEL STIMSON 


Mic} 


An empirical comparison of the infrared and ul violet spectra of a seri 


the corresponding hydrochlorides has been made Althoug 


pyrimidines wit} 
spectra are too complex for detailed analysis I effect « ydrochloride 
spectrum enables correlations with probable stri 
since the compounds i tigated may exhibi 

the amino-imino structures which migh luel n 
compounds of this type 


The effect of ring subst 1 modifying the spectral response t 


i8 very striking in the series 


2-NH,-pyrimidine, 2-NH,-6-Cl-pyrimidine, 2-NH,-OH-pyrin 


In the last case the strong HC! band at 3-62 does not occur, although 
compound. This anomalous behavior is reflected in the ultraviolet 


The effect of ring posi n on the response 


; 


parison of 2-NH,-6-Cl-pyrimidir nd 2-( 


overtone at 6°) u re markedly depressed 


strengthened i its isomer 


Infrared 
OF THE BRAIN 


vious 
ired BI 


quantitat 


ionizing 
A lar 

the different 
i) In the] frequer 

DOTN alike ) ad a num 

bands were quite similar 

stretching, leformation 

ut 6-88 u and 7-25) found in protel 


strong band, still unassigned, could 





f adult and feta 
9-30-—9-35 


weaker band 


Study 


lorotoru 


iveiengtuti 


poly amide 


xtractiol 


t phingosine sphingo 


ronic acid demonstrated 


n. Further 


progress 
' nide-tree lipid 


chiorotor! extraction 
m of pool s, this fact was then used as 


free lipid fraction Spectra 


Optical densities were deter 
10-34, 9-50, and 

ensities of the charac 
vibration of NH at 6 L, used 


ratios of densities and a 


ilts from those 


this lipid fractio veloping brain 
oreover, that a definite 


show, 1 I 


i i} 


e highest, and the forebrain, the 


hypothalamus, midbrain, and cerebellum 


elfect of 1onizing irr: upon the 
ile rats were subjec ted to total body 


ils. with doses from 150 to 400r 


of ratios of optical 
iin, cerebellun 
1 number 


compared with 





Book reviews 


Book reviews 


['wyman, F.R.S.; Metal Spectroscopy. 2nd edition. Charles Griffi: 
3-5em, VII + 569 pp., 144 fig. 50s. 


Dr. TWYMAN is well aware of the plight of someone who is closely ociated with a manuta 


and sets out to write a book on the application of its products t has left its mark o1 


h does not always bring a judgment by 


which is largely a compilation of information and whi 


or an attempt at screening the innumerable ‘‘ methods of analysis 
goes. beyond metal spectroscopy by the inclusion of al 


The scope of the book. in some respects, 


infrared, and of raman spectroscopy as appued 


sorption spectrophotometry in the ultraviolet and the 
analysis of organic substances. Even chromatography and polarography are referred 
arrangement of the subjec ts is somewhat ur that emussior 
ire treated before “‘The use of electronic methods 
A few pages are devoted to the choice of prism sp« grating ones; Dr. TWyMAN’s 
arguments in favour of the former are far from convincing , are invalidated to some extent 


by recent developments at Hilger & Watts 

A major part of the book is devoted to the application of emission analysis to metals and alloys, and 
includes a review of previously published information with copious references to the original sources 
Che contributions, although differing in the amount of information and sometimes repeating what has 
been said in the general part, will be of great value to the practical spectroscopist 


rhree well known spectrographers, Messrs WaLsH, MILBOURN and B. 8. Cooper, acted as co-authors 
on sources, electrodes and the determination of metalloids respectively. Futhermore, Mr. F. Brecu 
contributed a chapter on X-ray spectroscopy, and Mr. F. Ho_mes reviewed the present trend of develoy 
ment which is towards increased use of electronics for detection of radiation and general instrumntatio1 
I'he book is very well produced, and in this respect it constitutes a marked improvement on the 
earlier work “‘The spectrochemical Analysis of Metals and Alloys’ written in 1941. Mr. TwyMan’s work 
will provide its readers with much information, especially on British practices, in a readily accessible 

R. ScHMID1 


form 
Scumipt; De Grondslagen van de Spectrochemische Analyse. N. V. Uitgevers-Maatschappij A¢ 


Kluwer, Deventer-Djakarta, Holland rechniek en Ambacht-Serie Nr. 43. 96 pp 
the general nciples of spectrochemical analysis 
the author had in mind analysts, students and thos ( y ft industrial processes emploving 
the physical principles on which 


When writing this short, paper-bound treatise on 


spectrograph methods of control. Following a brief ol 
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Données Spectroscopiques Concernant les Molécules Diatomiques. 
R. Herman, E. Huupt, A. McK arn, KE. Miese 
be Par of “*Tablk tant 
61 pages; price 4500 f1 
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Excitation stand for spectrographic analysis 
A new design 


JOHN WEBER Jr Ropert H. Herpet, Paut W. Kenres*, Haroip D. Coox ** 
and VELMER A. FASSEL 


and Departrne« f Chemistry, lowa State College Ames, lowa 


Rece 2 July 1952) 


Summary An excitation stand for spectrographic analysis is described which possesses the 
following features a) a symmetrical-action electrode-jaw system which supports electrodes 


varying in diameter from 0-3 cm to 0-9 em in self-centred alignment b) isolation of control 


and adjustment system, electrode water-cooling system, and electrical terminals from the ex- 
citation chamber to facilitate cleaning and decontamination: (c) mounting of electrode jaws 
toward the operator rather than toward the spectrograph for easier loading; and (d) use of a 


novel kinematic linkage for operation of the electrode jaw system 


Introduction 


The spectrographic literature [1 }-[26] and the catalogs of spectrographic equipment 
manufacturers contain descriptions of many types of electrode holders or excitation 
stands. These vary from the simple de Gramont design and models constructed 
for specific applications to the universal type of holders which are adaptable to 
electrodes of different sizes and shapes under widely different excitation conditions. 
Notable among the universal type are the models described by GaTTEeRER [8] 


and by Scripner and Cor.iss [21]. Many desirable features of these designs are 


now found in commercially available electrode holders. These include the follow 
ing: provisions for convenient and rapid loading of the sample electrode in the 
holders; the smooth and precise adjustment of the vertical and lateral position 
of the electrodes before and during excitations; the enclosure of the electrode holder 
assembly in a ventilated housing for protection against electrical shock, ultraviolet 
radiation and noxious fumes; the water cooling of electrode jaws to prevent over 
heating during high current d.c. are excitation; and effective insulation to assure 
maximum excitation efficiency. The excitation stand described in this paper 
incorporates these desirable features in its design, but differs from conventional 
models in the orientation of the electrode jaw system and in the use of a novel 
kinematic linkage for operation of the electrode jaws. Moreover, it affords several 
important advantages over many electrode holders which have been described. 
Firstly, the symmetrical action of the jaw system will support electrodes varying 
in diameter from 3 mm to 9 mm in self-centred alignment. Thus, a 3 mm electrode 


in the upper jaw is precisely centred with respect to a 9 mm rod supported in the 


lower electrode. Also, the lower jaw system provides a convenient and substantial 
support for surface excitation of machined discs, sheet metal, and other flat spec- 
imens. If desired, spring clips may be attached to the jaws to insure perfect 


* Present address: A. O. Smith Corporation, Milwaukee 1, Wis 
** Present address: Westinghouse Electric Corporation, Atomic Power Division, P.O Box 1468, 


Pitteburgh 30, Pa 
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electrical and thermal contact. Secondly, since the electrode control and adjust 


ment system, the electrode water-cooling system, and the electrical terminals are 


isolated from the excitation chamber, cleaning and decontamination is facilitated 


and corrosion of gears and electrical contacts is retarded. Thirdly, in contrast with 
conventional electrode holder design, the jaws are mounted in a direction toward 
the operator rather than toward the spectrograph. It is therefore equally convenient 
to load the jaws with either the right or left hand and cross-handed loading is 
eliminated. Finally, a viewing system has been added which permits the observation 
of the electrical discharge under variable intensity conditions * 


Design and construction 


A view of the are stand with its housing removed, is shown in Fig. 1. Its design and construction 


are shown in detail in the assembly drawings in Figs. 2 and 3. The base for the holder consists 


ng removed 


of a steel base-plate ind crossmem bers (2) forming an enclosed space for gears and for the 
shafta connected to the controls on the outside of the housing Machined ways to fit various 


optical benches may be attached to this base assembly Attached also to this plate (1 
the movable horizontal steel races (3a Between these and the fixed 
attached to the cross-members (2) are placed ball 


are 
horizontal races (3b 
bearings permitting lateral movement of the 
upper assembly in a smooth manner Adjusting screws (4) are located 


on one of the fixed 
horizontal races for alignment and proper loading of the ball race assembly. Accurate transverse 
adjustment of the electrodes on the optic axis is achieved by rotation of knob (7) and threaded 
shaft (5) through nut (6) attached to the base plate Located also in this lower space 18 a safety 
switch (8) actuated by the opening and closing of the housing door, as shown in the upper left 

hand corner of Fig. 2a 


The upper assembly of the electrode holder is supported by two uprights (9) mounted on 


the base plate (1) and braced at the base and upper ends by the cross-members (10a) and (10b 


* Suggested to us by Mr. H. R. Muiurw, New Brunswick Laboratory, Atomic Energy Commiasior 
New Brunswick, New Jersey 
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For vertical motion of the upper and lower insulating blocks (lla) and (11b) of the electrode 
assembly, an arrangement of races and ball bearings (12a) and (12b), similar to that used 
for horizontal motion, is placed between the uprights as shown in Fig. 2a. Adjusting screws (13) 
for aligning and loading the ball races for vertical movement are located as shown in Fig. 3 
The upper and lower jaw assemblies are individually controlled by means of threaded shafts (14) 
and (15) respectively. These shafts are rotated through mitered gears (16) by the large knobs (17) 
and (18), also located on the outside of the housing. For insulating the upper and lower electrode 
jaw assemblies, it is necessary to insert a length of fibre rod in shaft (14) where it runs through 
the lower insulating block (11b). A cover plate 
(19) of Transite or other high dielectric, heat 





bs) 
resistant material is placed in front of the Bakelite 


insulating blocks (lla) and (11b) to isolate the 


“| 














HSE Ee 


ee 









































Fig. 2A and B. Assembly drawing of excitation rig. 3. Assembly drawing of excitation stand (back 


stand (top and side sections) section) 


excitation chamber from the electrode control and adjustment system. The smooth surface 
of this cover is readily cleaned and decontaminated. Similarly, a Bakelite plate (20) covers 
the steel baseplate (1). 

The upper and lower electrode clamps (21) and (22) of the electrode holder are also shown 
in Fig. 2. The electrode jaws are made of brass and have but one V slot for clamping and 
holding graphite or carbon rods from 3mm to 9mm. Through a system of mechanical 
linkages, automatic self-centering is provided for electrodes of the diameter range indicated. 
Application of pressure on knobs (23) and (24) in the direction of the electrode clamps, opens 
the jaws to receive the desired electrode. 

This system of mechanical linkages for the electrode holder is shown in Fig. 4, along with 
the manifold water cooling system in the rear chamber and the electrical outlets mounted on 
the rear metal cover. The details of construction and operation of the system are shown in 
Figs. 2 and 3. With the exception of the steel shafts (25, Fig. 2a), and (26, Fig. 2b), the steel 
rollers (27), and the materials for electrical conductors, all other parts of the jaw assembly 
mechanism are of chromium plated brass or bronze. These parts, together with the steel frame 
work, could also be fabricated of stainless steel 
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Pressure on knobs (23) and (24) is transmitted through the link (28) on its fulcrum, to the 


steel rollers (27) and finally to the gears 


mounted on the back cover as shown Also mou ‘ the rear of the 


29) and links (30) as shown in Fig. 2. Through the 
motion of these links, the elec 
trode jaws ar rotated on their 
respective fulcrums, and are there 
by opened Springs 31) provide 
fixed tension for holding the 
electrodes in place when knobs 
23) and (24) are allowed to return 
to their initial position 

Flexible stranded conductors 
running from binding post (32) 
on the jaws to post (33) on bus 
var (34) in Fig. 3, illustrate the 
method of making electrical con 
nections to each jaw pair. Connes 

so made with the same 

or material from 

nding posts 35) on the bus bar 
34) to posts (36) forming part of 
the male electrical outlets (37 
Che insulating material for the 
electrical plugs (37) high di 
electric Textolite rod obtainable 
from the General Electric Com 
pany. A binding post (38) for a 
common ground connection is 


irc stand in the base 


is a two contact female Amphenol connector (. f ctrical leads to the safety switch (8) 


Fig. 5. Over all view of the excitation 
stand 


rhe electrode jaws are cooled with water circulat 
ing through the copper tubes (40) inserted into each 
jaw pair as shown in Figs. 2A and 3. The coolant 
is evenly circulated to the jaws from a central inlet 
and outlet (41) by means of the manifold distribution 
system (42) mounted on the rear cover as shown in 


Fig. 4 and in the drawings. Connections in the water 


distribution system are made with Tygon flexible 


plastic tubing. To maintain water-tight seals, small 
hose clamps are used at each connection, although 


these are not shown in the figures 


A view of the housing for the electrode holder is 
shown in Fig. 5. It is constructed of 16 gauge black 
iron The use of heavy material and the method of 
fabricating the housing gives a rigid construction 
The inside finish of the arc chamber should be a 
hard black enamel to aid in cleaning. A wrinkle 
finish is used for the outside pr ytective coating The 
electrode discharge may be viewed through a 75 mm 
diameter Polaroid filter (obtainable from Harry 
Ross, 68-70 West Broadway, New York 7, N.Y.) on 
the door of the housing as shown in this figure. The 
transmitted intensity may be varied by rotating one 
of the elements of the filter by means of a control 


on the outside of the filter assembly. The door on the housing is held closed by a latch operated 
by knob (43) shown in Fig. 2B. To provide accessibility to the hose clamps of the water cooling 
aystem, the electrode jaw mechanism and the wiring without removing the entire back cover, a 
portion of the rear panel ia cut as shown in Fig. 4 and a Bakelite panel is placed over this opening. 
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graph. An auxiliary projection lamp and lens-screen assembly are used for viewing the gap 
spacing and checking the alignment of the electrodes before and during exposures. To maintain 


Openings are cut in the housing to allow passage of light along the optical pat if the spectro 


a slightly reduced pressure within the are chamber for removing heat and fumes flexible 


mp 4 i 


tube from an external exhaust system is connected to the adapter housing 


If it is desired to have a greater volume of air going through mb lidi cover at 


the right side of the housing as shown in Fig. 5 may be opened illov ir to t through 
the four additional openings 
The authors wish to acknowledge helpful sugg 
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Untersuchungen an einer stromstarken, langdauernden Kondensatorentladung 
bei verschiedenen Drucken. (Pfeilsticker-Funken) 


\. STETTER 


Summary a low 


ource in 
spectra 
operties 
increasing 


pairs ot ¢ 


ie hochkondensierte Entladung 
200 \ und bei vermindertem 
Halogene, S, Se, H N Q,) 
Pfeilsticker-Funke (P.-Funke) 
f Grund von Versuchen eine 
inregbaren Elemente im P.-Funken 

g¢ zu gewinnen,. wurde modglichst 
Hierbei interessierte vor allem die 
Diesem rein phinomenologischen Teil 
ngstemperatur im P.-Funken aus dem 

pe Ktrallinien 

in bei derartigen Entladungen iiberhaupt 
nn. lhre Zeitdauer ist aber so lang. daB 
werden kénnen. Dafiir sprechen Ab 
spate! dargelegt werden, ebenso wie 
ing man mit einem Parameter, der 
vdungen die Linien der Nichtmetalle 
unter vermindertem Druck von 

ir betrachtlich héher als di Gastempe 

ifs auch in den untersuchten Pfeil 
ligkeiten und somit hohe Anregungs 
iben tiberraschenderweise aber mit 
leren Bestatigung durch die Arbeit 


erwarte Literatur fiir dhnliche Entladungen 


sehr h lemperaturwerte angegeben werden 
igenden das Mebverfahren mit allen seinen Schwierig 
keiten und allen Korrekturen darzustellen, um es der Kritik der Fachgenossen zu 
unterbreiten Nur auf diese Weise darf man hoffen 


sprechender Angaben in der Literatur einige Ordnung zu bringen. Soweit dabei 


langst bekannte Dinge besprochen werden, geschieht dies also um der Kritik, 
nicht der Erkenntnis willen. 


erschien ¢ 


in den Wirrwarr sich wider 





Untersuchungen an einer stromstarken, langdauernden Kondensatorentladung 


II. Beschreibung der Apparatur 
l. ELEKTRISCHE VERSUCHSANORDNUNG 

In der Abb. 1 ist die elektrische Schaltung zur Erzeugung des P.-Funkens skizziert 
Elektrische Daten: 
a) Entladekreis r | j j | j 7 
Ladekondensator C 1600 uF; Selbstinduk R, | 
tion L 3,75-10°° H; verdnderlicher Oum- : ) 
scher Widerstand R, (von 0 bis 0,1 Q); 
scher Widerstand der Leitung R 
maximale Funkenstromstarke J max 
aperiodischer Grenzwiderstand R, 
Frequenz der Schwingung 650 Hz; Funken 
energie pro Halbwelle Ey, 29 Wsec (wer 

0,200 und Brennspannung Uy, 50 \V 
(H. Kaiser [2]): dem Kondensator pro Halb 
welle entnommene Energie E, 18 Wsee 
(Ladespannung 250 V) 
b) Ladekreis 
Ladespannung U 250 V: Ladewiderstand 
Ry 500: Drossel D ca. 1H 





c) Feussnerscher Funkenerzeuger 

Kapazitat 700 pF; alle eingebauten Selbstin 
duktionen kurzgeschlossen; gesteuerter Vaku 
umschalter S schlo®B alle 0.5 bis l see den 
Stromkreis ) ir Pfeilsticker-Funken 


—_ a 


2. OPpTISCHE 


Zeiss zur Verfiigung ( Brennweit« 


V ERSUCHSANORDNUNG 
Als Spektrograph stand der ' 
Drei-Prismen-Spektrograph von be and 


hy 


der Kamera 27 cm) Immer 
wurde mit Zwischenabbildung 
gear beitet Der schematische 
Aufbau der Optik ist in der 1 BZ 
Abb. 2 gezeigt. m, 

O, Ort des P.-Funkens; O, We | 
Ort der Normallampe; U Um ‘ | 
lenkprisma; D Drehspiegel von \ al 
Synchronmotor angetrieben ; B, . 
Blende, blendete die kalteren 
Randzonen der W-Bandlampe 
aus; B, Blende, begrenzte das 
Strahlenbindel zur Vermeidung von ignettierung 3 vestimm d tlichen 
Zerlegung des P.-Funkens die Dauer Lichteinwirku! i Y von 6mm betrug 
diese 3,2-10°° se 

Der Kollimatorachromat wurde bei der Aufnahme des Kont iu s der Wolframband 
lampe ebenso ausgeleuchtet wie bei det Aufnahme des Funkenspektrums 

Dicht vor der Blende B, rotierten bei der Aufnahme des Kontinuums Sektorscheiben, welche 
die Belichtung so steuerten, da®8 die Dauer der Lichteinwirkung dieselbe war wie bei der 
Funkenaufnahme 


3. ENTLADUNGSGEFASS UND VAKUUMANLAGE 
Die Abb. 3 zeigt das Entladungsgefi8 und einen Elektrodenhalter 
Das Entladungsgefa8 war aus Jenaer Glas. Die beiden Fensteroffnungen waren ebenso wie 
die Offnungen zur Aufnahme der Elektrodenhalter angeschliffen. Die eine Offnung war mit 
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einem Glasfenster verschliossen ius ihr trat das Licht aus, das in den Spektrographe n gelangte 
Das andere Fenster war aus Quarz; durch dieses konnte die Funkenstrecke mit UV-Licht 
bestrahit werden, um Zindschwierig 
keiten zu beheben Mit dem Mantel 
schliff wurde das EntladungsgefaiB an 
die Zuleitung zur Vakuumpumpe ange 
schlossen Der Kernschliff war fiir den 
AnschluS einer Fremdgaszuleitung vor 
cesehet Die Elektrodenhalter ware 
aus Messing. Die K dhlrippe n dienten der 
besseren Warmeableitung sie wurde 
mit PreBluft angeblaser Die Elek 
tioden wurden von dem _ dreéiteilige: 
Bohrfutter gehalten Als Dichtungen 
vyaren Gummiuringe. zwischen dem Ent 
ladungsgefal und den Elektrodenhalten 
gt 
Vakuumpumpe wurde eine ro 
de Olluftpumpe verwendet Det 
uck wurde an einem Stromungsventil 
eingestellt und konnte an einem Quec} 


sibermanometer ibgeleser werdel 


lil. Der Ptfeilsticker-Funken 
n beschriebenen Versuche wurden mit reinen Mg-Elektroden gemacht 
die Mg-Elektroden aufgebohrt und mit MgCl, gestopft 
ndrischen Elektroden war 5 mm, die Elektrodenoberfliche 
gedreht 2.5 mm Der Elektrodenabstand betrug 6 mm 


die befand sich bei allen Versuchen unten 


Um definierte Verhiltnisse zu schaffen. wurde der Zusatzwiderstand AR. in den 


tladekreis gelegt und sein Wert so bemessen. daB die Entladung in nur eine! 


4 b ( d 


I 


Halbwelle erfolgte. Bei einem derartigen einsinnigen P.-Funken konnten die Vor 


ginge an der Kathode und an der Anode getrennt beobachtet werden. Der gesamte 
Oumsche Widerstand des Entladekreises betrug in diesem Falle R 0,035 Q 
ein Wert, der immer noch kleiner als der des aperiodischen Grenzwiderstandes 


0,300 war. Die aus den Kreisdaten berechnete Entladungsdauer betrug 
Der Funkenstrom wurde aus dem Spannungsabfall an R, mit einem 
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Untersuchungen an einer stromstarken, langdauernden 


Kathodenstrahloszillographen beobachtet und gemessen Die gemessene Spitzen 
stromstirke stimmte innerhalb der MeBgenauigkeit mit dem berechneten Wert 
liberein; eine Druckabhangigkeit dieses Wertes konnte nicht festgestellt werden 

Die Abb.4a—d zeigen Aufnahmen von P.-Funken bei verschiedenen Drucken 
im EntladungsgefiB. Die in den Aufnahmen auftretenden Helligkeitswerte sind 
kein MaB fiir die wirklichen Intensitaiten der P.-Funken. Bei den Aufnahmen wurdet 
nimlich verschieden starke Neutralfilter verwendet, damit médglichst viele Einzel 
heiten im Bilde zu erkennen waren. Die Helligkeit der Funken nimmt in Wirklich 
keit mit abnehmendem Druck sehr st irk ab Die gezeigten Bilder sind aus einer 


groien Anzahl von Aufnahmen als typisch ausgewahit worden. Auffallend ist, dab 
mit abnehmendem Druck der Dampfausbruch aus der Kathode schwicher wird 
An der Anode setzte die Entladung bei niedrigem Druck hiaufig an mehreren eng 


begrenzten Stellen an. Weiterhin erkennt man, dab die raiumliche Ausdehnung det 


leuchtenden Dampfwolken mit zunehmendem Druck kleiner wird 


Die in den Abb. 5a—c gezeigten Aufnahmen geben ein typisches Bild der Elek 
trodenoberflichen nach einer einzigen Entladung. Die Oberflache der Kathode ist 
bei 20 Torr vollig gleichmaBig von der Entladung angegriffen worden. Bei 300 Torr 
war die Ansatzstelle der Entladung so eng begrenzt, daB diese Stelle der Oberflache 


bis zur Schmelztemperatur des Mg erhitzt wurde und das geschmolzene Metall 


seitlich an der halbkugeligen Elektrodenoberflache herabgeflossen ist. Die Aufnahme 
bei 100 Torr zeigt den Ubergang zwischen diesen beiden Extremen. Die Anoden 
oberflichen weisen bei verschiedenen Drucken keine derartig groBen Unterschiede 
auf. Die Abfunkaufnahmen bei Normaldruck sind denen bei 300 Torr sehr aihnlich 
und wurden daher weggelassen. 

Abb. 6 zeigt den Materialabbau der Elektroden in Abhangigkeit vom Druck. 
Die eingetragenen Werte sind die Gewichtsverluste der Elektroden durch cinen 
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wurde bestimmt 


bei Mg 
zu be 
$400 A 
100 A) emuttiert 


uber dale Intensitat 


rgrundes hel 


denen die angegebenen 
Mg-Elektroden iiber, die 
ind auf die Inten 

titen des Untergrundes 
is des oben erwahn 


twicklungsbedingungen 


ngleichet pe ktren gewonnene 
refihren Anhalt tiber die wirklichen 
harettektes. liber den spate! noch 
chwert wal Bei der Berechnung 
den Linien iobgezogen 
6000 A waren die stirksten Linien 
stets Linien des einfach 1onisierten 


lien sehr ger r Intensitat wurden bei 100 Torr 


] i mederen Drucken verschwanden diese Linien vollig 
ngegebenen Analysenlinien von J, Br, Cl, 8, Se sind 


simtlich Linien der einfach ionisierten Atome 
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Temperaturmessung im Pfeilsticker-Funken 


GJRUNDLAGE DER TEMPERATURMESS! 


Funken wurde aus dem gemessenen Intensititsverhiltnis 
Nach dieser Methode 


CGasent! idung bestimmt worde! I 


Die Temperatur im P 
zweier Linien berechnet ist erstmalig von ORNSTEIN und VAN 


Wisk [3] die Temperatur in einer 


Ire 


irhe stim 


Linien ZUI 
1-q dieser Linien wurden 
tnomme! HuLptT hat 


In der vorliegenden Arbeit sind Mg I- und Cu ] 
Die Werte fiir di 

4) und Hu.tprt [5] en 

DE Bont und 


den 


mung hnerangez worden 


Arbeiten von KERSTEN und 


die von VAN LIN« 
von ©) an korrigiert 


bestimmten Werte von ] 


thermodynaniist 


hier untersuchtet 


hatzung gema¢ 


WEIZEL und Romp! 
Elektro Atome derjenige Vo 

isamsten einspiel Alle Vorgiainge, deren Frequenzer 
innen nacl r Abschatzung 


nennen WEIZEL ul * quasis on 
igkei ben. Die oben 


Energietibertragung 


yme und die Elektr schwi 
; ¢ it ¢ \tome wurde 


T 1@T iy 


angetiihrte ¢ tellzel l un 4 e 
fiir Atome 1 ROMPE gewannen 
ihre Abschatz s der Beziehur 


M Masse des 


(Juerschnitt 
Fiir dic ing Vol T y- | fehiten 
offensichtlich in r Literatur 1 it bekanr Nimmt 
| } int neide!l O 1st ¢ 
von Ar. moglicl I qd von r { ~ fiir Hg- u 
bei Normaldruck ; <sichtigung von M fiir Mg-Gas 
Proportionalitat und dem Druck annehmen kann 
‘ if 20 Torr, ein Wert, der immer noch 


bei Erniedrigung des Drucks auf 2 


t. Die Abschitzung ist sehr grob und erst das 


Vel 
aul ~ 10 Se ( 
kleine r ais die 

Ergebnis der Temperaturmessung un 


suchsmaterials lieben den 
quasistationire Entladung angesehen werden kann, in welcher die oben angefiihrt« 


it des Funkens is 
i die hieran anknupfenden De utungen des Ver 
als eine 


SchluB zu, daB der hier untersuchte P.-Funke 


Beziehung 7'= 7'(/,//,) gilt 





irch die 
Spaites 
terwerte 


VW erte 


d Die photographise he P 


Es wurden Agfa Rapid Gell 


Platten wurden mit den 


verwendet Die 


rekurven von 
4 Spektren der gleichen In nt werder 
Zur Bestimmung mpfindlichkeit de 


wurde das 
Kontinuum einer geeichten Wolframbandla: “dd ‘ mi f 


Ake 


ranommen. Fir die 
Aufnahme des Kontinuums wurde dieselbe Belichtungsart gew: } ie auch beim P.-Funken 


auftrat, d.h. Dauer der Lichteinwirkung und Aufe Achtblitze waren jeweils 
gleich. Dadurch wurde erreicht, daB die Schwarzur e und das Kontinuum 


i zerlegten P.-Funkens 


imen; eine rotierende 
Sektorscheibe gab den Lichtweg in denselben Zeitabstanden frei, die auch zwischen den einzelnen 


bei derselben Wellenlange kongruent ware! 


oe 
wurde das Kontinuum ebenfalls iber den sich dre 


nder , fo 
nen €l aUuIgeno! 


P.-Funken lagen. Beim zeitlich unzerlegten P.-Funken, der in derselben Anordnung., 


aber bei 
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ruhends 
tierel 


not 


Keit der 
kurven w 
Belichtung 
dem Spekt! 
befand 

Ort We 
das ent 
des Spaltes 
Spaithildbrei 
Spalt bre 
der Meg I 
sich 


ich 

Weller 

sul adv 

ziehen 

diesel be schwarzun 
reicher Wal bel lel 
stimmung dicht 
Linienspektren 
nuum aber soweit 
Platte gelangen k: 
lemperat irbest 
sprach 

etwa de! 


(‘u-Linie 


é Die | npfir 
Die | mpfindlichke 
s Lichtes abl ’ ll mat 
og I,/1 r | is d iwarzunger der Linien J bestimmen, 
so mussel hwarzu d nien fiir di I er Bestrahlungsstiirke / Lichtes 
Wellenlange 7 nd / I n re h werden imlich erst dic ViTZ oskurven 


beiden Linien in ¢« I inander richtig zugeordnet 


Die Bestrahi ing der Strahlungsdichte B der Lichtq elle 


Normallampe wurde ein olframbandlampe bent deren schwarze Tempera 


Die Strahlungsdi ( Wolframbandlampe ergab sich aus den 
2, T) von Wolfram, det spektralen Energieverteilung E(/, 7) des sel 


dem wirksamen Wellenlingenbereich AZ. also 
1/ 


Fir A(/, 7) wurden die von HAMAKER und ORNSTEIN [10] veréffentlichten Werte verwendet 
E(A, T) ergab sich aus der PLanckschen Strahlungsformel, 142 wurde aus der Dispersion dj'dz 
und der Spaltbreite s des Spektrographen berechnet. 

Zur Bestimmung der Dispersion d//dz wurde die HARTMANNsche Niherungsformel heran- 
gezogen 





4. STETTER 


3. AUSWERTUNG 


In der Tabelle 1 sind die fiir die Temperaturbestimmung nétigen Daten aufgefiihrt. 


T abelle 1. Atomdaten von Me I und Cul 





Ube rgange 


5167 Bf , f 230,0 
5173 29, 5 3°P 2080 
5184 50.0 é : 1164 
$703 27,5 9 iD, — 3°P 18,1 


4352 28,0 








* Auszug aus KERSTEN und ORNSTEIN [4 ** Auszug aus HuLD1 


Die Temperatur wurde nach der Formel 


7 log ¢ 
7 a 
k 


berechnet. 
1Y = log /,/I, 


Y log I I, Intensitat der Lini } log J J Intensitat des Kontinuums der 
I I J A kK A 
Bandlampe 

Die Werte von (} } und (¥; Ye.) wurden aus den Schwarzungskurven fir die 

A . 
Linien L, und DL. gewonnen. Es mubte jedoch noch bericksichtigt werden, daB die effektive 
1 2 ) 

Spaltbildbreite seq fir die Linien L, und L, verschieden waren ; fir die Intensitét im Kontinuum 
apielt dieser Unterschied keine Rolle. Das ist folgendermaBen einzusehen: Aus der photo- 
metrischen Schwiairzungsmessung gewinnt man ein MaB fiir die Bestrahlungsstarke FE der 
Platte. Es iat 


EK 


Ey nie 
Fp Fy 


® Lichtstrom; Fp geschwirzte Fliche auf der Platte; A Lichtleitwert; B mittlere Strahlungs 
dichte der Lichtquelle; h Spalthohe; « Spaltbreite; d/f Offnungsverhaltnis des Kollimators; 
6 AbbildungsmaBstab der Spaltbreite 

der AbbildungsmaBstab fir die Spaltbreite, tritt nur in der Gleichung fir Py jnje auf 
Da die Intensitat der mittleren Strahlungsdichte B proportional ist, ist auch die Intensitat 
des Kontinuums der Bestrahlungsstarke Exont proportional; bei der Linie aber ist die Intensitat 
EL jnie* 8 proportiona 

Y, log I; const + log EF + log B 
Schreibt man 
const + log / 

BO ist 


und es ist 
(¥,,— Yr yL, + log B, yL, + log By — yK,) 
1, K Ye + 4, log Bs. 
Die Werte von 4y kénnen direkt aus den Schwarzungskurven abgelesen werden in der Art und 
Weise, wie in der Spektralanalyse das Verhidltnis der Intensitéten zweier Analysenlinien 
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Untersuchungen an einer stromstarken, langdauernden Kondensatorentladung 


bestimmié wird. A log # ist fir eine bestimmte Linienkombination und fir den verwendeten 
Spektrographen eine Konstante (A. STETTER [9]) 

Ver Ausdruck (Yx Yx,) bestimmt die Lage der Schwarzungskurven fir die Linien JZ, 
und L, in der S-Y-Ebene entsprechend der wellenlingenabhangigen Empfindlichkeit der 
Platte. Aus der Formel fiir Exon: folgt: 

A,( T) E, (4, T) . . (ddjdz), 


log K log “1 log - — + log 
; E, A,(/ T) Ey ( T) (dA/dz), 
1,, log A(A, T)- E(A, T) + Aj, log (d4/d zx). 


ZusammengefaBt ergibt sich also 
1Y¥ Ink YW ink Ye + (4, log B + A,, log E- A + Aj, log d7/dz) 
Die Werte fiir den eingeklammerten Ausdruck wurden auf die friiher beschriebene Weise be 
stimmt und ergaben fir die Versuchsanordnung Konstanten. 
Die Schwarzungen wurden mit dem Schnellphotometer von Zeif gemessen. Die Schwir 
zungskurven wurden zum Teil nach der verallgemeinerten Seidel-Transformation (H. Kaiser 


{11]) gestreckt. Die Untergrundkorrektur erfolgte in der mathematisch korrekten Weise nach 
HONERJAGER-SOHM und Kalrser [12]. 


4. FEHLERABSCHATZUNG 
Die Gleichung, aus der die Temperatur berechnet wurde, hat die Gestalt 
1 
iy+B 


Der relative Fehler der Temperatur, der durch eine fehlerhafte Bestimmung von 1 Y herein 
kommt, ist 


1 


RB 


Eine statistische Fehlerrechnung laB8t sich kaum durchfiihren. An Hand des Beobachtungs 

materials und aus der Erfahrung der Spektralanalyse erscheint es nicht unverninftig, ein 
1(4 Y) von 0,050 anzunehmen. Mit diesem Wert ergeben sich fiir die Temperatur 7 6000° K 
fir die verschiedenen Linienkombinationen folgende relativen Fehler in Prozent 

Mg 5528/4703 15% 5782/5220/18 

Mg 5528/4352 10% 5782/5153 

Me 5167/5528 4% 5106/5220/18 

Mg 5167/4703 3 % 5106/5153 

Meg 5167/4352 3 % 


5. ERGEBNIS DER TEMPERATURMESSUNG 

a) Temperaturen im P.-Funken bei 20 Torr und im Dauerbogen 

In der Tabelle 2 sind die MeBergebnisse zusammengestellt. Als Elektrodenmaterial 
wurden reine Mg-Elektroden und Elektroden aus einer Mg-Cu-Legierung (35% Mg 
65% Cu) verwendet. Die Hilfsskizze, die der Tabelle 2 beigefiigt ist, stellt den 
schematischen Verlauf der emittierten Gesamtstrahlung I mit der Zeit ¢ dar. Die 


schraffierten, mit rémischen Zahlen gekennzeichneten Teile des zeitlich zerlegten 


Funkens sollen ein Bild von der Lage der Phasen und der in ihnen herrschenden 
Gesamtintensitat vermitteln. Die Belichtungszeit betrug pro Funken 3,2 - 10~° sec. 
Wegen der nicht zu vermeidenden Ziindverzégerung deckten sich die Entladungs- 
phasen in den ca. 3000 Funken, die zu einer Aufnahme benétigt wurden, nicht voll- 
stiindig. Die Schwankungen um den Schwerpunkt betrugen 1,5-10°° sec. Die 
angefiihrten Temperaturen sind Mittelwerte aus meist 5 Messungen. Bei den 
P.-Funken betrug die Streuung 300° K fiir die aus den Mg-Linien gewonnenen 
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Tabelle 2 Tempe ‘ Pieilsticker-Funken bei 20 Torr und im Dauerbogen 








Cu-Linien 


106 


IZZO/T8 


7450 


7250 900 6050 5750 


8 O00 7400 5350 500 5450 


11100 35 Y300 


6100 


5RO0O 





lemperaturen und 100° K fiir die aus den Cu-Linien gewonnenen Werte. Die Cu-Linien 
5220 und 5218 A wurden von dem Spektrographen bei der Spaltbreite von 0,1 mm 


nicht mehr getrennt. Bei der Temperaturbestimmung wurde mit der Summe der 


beiden Intensitaten gerechnet 

Der Dauerbogen brannte zwischen Kohleelektroden, die in konzentrierter 
NaC l-Lésung ausgekocht waren. Die Elektroden waren aufgebohrt und mit MgCl, 
gestopft. Der Bogen brannte also hauptsachlich in Na-Dampf; hierdurch wurden 


lie sehr stOrenden ( und CN-Banden unterdriickt. Die Streuung der Temperatur 


betrug 150° K 


im P.-Funken bei erschiedene Drucken, 
3 sind die aus den Cu-Linier nd 5153 A ermittelten lempera 
dungen bei verschiedenen Dru: im EntladungsgefaB aufgefihrt 


Es wurde! ich ? Fallen Entladungen mit einer 





Kapazitat von 32 uF ausgewertet. Die Aufnahmen 
wurden mit Me-Cu-Legierung gemacht. Di 
Mg-Linien waren bei héheren Drucken so stark 
verbreitert, dab eine Intensitétsmessung nicht 
mehr mdglich war. Die Streuung betrug bei den 
Drucken 300 und 760 Torr 350° K, bei 100 Torr 
200° K Die Auswertung det Spektren die aus 
Aufnahmen bei héheren Drucken gewonnen wur 


mit groben Schwierigkeiten verbunden. Die Untergrundkorrektur war 





en wal 


betrachtlich | wegen des Nachbareffekts unsicher 


6 DISKUSSION DER ERGEBNISSE DER TEMPERATURMESSUNG 
Bei den in der Tabelle 2 aufgefiihrten Temperaturen fallt sofort ein systematischer 
Gang ins Auge. Die Werte 7,. 7 und f 4, Sind stets kleiner als die Temperaturen 
aus den Kombinationen mit der Linie 5167 A. AuBerdem ist innerhalb der beiden 
Gruppen ein kleinerer systematischer Gang zu erkennen. Die 7, sind innerhalb 
der durch die Streuung gegebenen Grenzen gleich 
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a) Kontrollen im Dauerbogen 
Um das benutzte MeBverfahren auf seine Brauchbarkeit zu priifen, wurde die Tempe- 
ratur im Na-gepufferten Dauerbogen bestimmt und mit den Angaben aus der 
Literatur verglichen. Die Werte von 7;; ,, und 7;, ,, ergeben gemittelt 7'= 4200 K. 
Diese Temperatur stimmt mit der von HuLpt [5] im Na-gepufferten Dauerbogen 
aus Ba- und Cu-Linien gemessenen Werten gut iiberein. HuLpt fand 7), = 3890 4 
180 K und J, 4580 + 80° K. Die aus den Kombinationen mit der Mg-Linie 
5167 A bestimmten Temperaturen liegen sicher zu hoch. Hierfiir konnte es 2 Griinde 
geben: Entweder war die Intensitaétsmessung der Linie 5167 A fehlerhaft oder die 
Ausstrahlung der Linie war aus irgendeinem Grunde verindert; und zwar muBte 
die Intensitat der Linie geschwicht sein, wenn die aus ihr berechnete Temperatur 
zu groB war. Alle Bemiihungen, den Fehler im MeBverfahren zu entdecken, schlugen 
fehl. Die Linie 5167 A gehért zu dem Triplett 5184, 5173, 5167, von diesen Linien 
ist die oben genannte die schwichste. Braupo, CrRaGes und WILLIAMs [13] haben 
nach demselben MeBbverfahren, wie es in dieser Arbeit verwendet wurde. unter 
anderem auch die Temperatur in einer Bogenentladung bestimmt und dazu die 
Mg I-Linien 5184, 5173, 5528, 4703 A und Ba I-Linien benutzt. Sie haben folgendes 
Ergebnis veréffentlicht (Angaben in ° K) 

Mg 5184/5528 5184/4703 5173, 5528 5173 4703 

10700 9700 9000 R100 
Ba 6111/5778 6063/5778 6019/5778 5997/5778 
9200 7200 5500 4300 

Nach allem was bisher tiber die Temperatur im Dauerbogen bekannt ist, sind die 
Temperaturen aus den Mg-Linien zu hoch. Die Temperaturen aus der noch méglichen 
Mg-Linien-Kombination 5528/4703 sind in der genannten Arbeit nicht angegeben. 
Aus dem vorliegenden Zahlenmaterial lassen sie sich aber unschwer berechnen; es 
ergibt sich 7... = 5800°. 

KERSTEN und OrRNsTEIN [4] haben die in dieser Arbeit verwendeten Werte 
von A -g aus einem Dauerbogen bestimmt, der zwischen Kohleelektroden brannte 
die mit MgO und ZnO gestopft waren. Die in diesem Bogen aus den Rotationslinien 
der CN-Bande 3883 A gemessenen Temperaturen lagen zwischen 4550 und 5400° K. 

Beriicksichtigt man das alles, so kann man sagen, daB die in der Tabelle 2 fiir 
den Dauerbogen angefiihrten Temperaturen aus den Linienkombinationen 5528/4703 
und 5528/4352 gut mit den bisher gemessenen Werten iibereinstimmen. Ebenso ist 
die aus dem von Bravupo und Mitarbeitern veréffentlichten Zahlenmaterial berech- 
nete 7, ,, ein sehr wahrscheinlicher Wert fiir die Temperatur im Dauerbogen, wie der 
Vergleich mit den von Kersten und OrnsTEIN gefundenen Temperaturen zeigt 
Dagegen sind die aus den Kombinationen mit den Linien des Tripletts bei 5100 A 
ermittelten Temperaturen sowohl in der vorliegenden Arbeit als auch bei Brat po 
und seinen Mitarbeitern zu hoch 

Als Ursache dafiir, dab die Linienkombinationen mit dem Mg-Triplett bei 5100 A 
offensichtlich eine zu hohe Temperatur indizieren, kann Selbstabsorption der 
Linien angenommen werden. Aus dem in der Abb. 9 gezeigten Termsystem geht 
nimlich hervor, dab die Linien des Mg-Tripletts bei 5100 A auf einem metastabilen 
Term enden. Die Werte von A-g wurden von KERSTEN und ORNSTEIN [4] in 


der oben erwihnten Weise ermittelt; und zwar wurde der Mg-Gehalt im Dauerbogen 


soweit herabgesetzt, daB fiir das Mg-Triplett bei 5100 A die Summenregel erfiillt 
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war. Das theoretisch geforderte Intensitaitsverhaltnis der Linien 5167:5173:5184 A 
ist 1:3:5. Die folgende von Kersten und Ornstein veriffentlichte Tabelle gibt 


einen Uberblick liber die Abhangigkeit des Intensitatsverhaltnisses der Linien des 


Mg-Tripletts vom Mg-Gehalt 





sei den hier vorliegen 
Re 
den Messungen betrug das 
Intensitatsverhaltnis der 
Linien des Mg-Tripletts 
5:3.6:1,.75 

51s¢ - 7 _ > os Aus dem Zahlenma 
5173 2 93 2? 9? 303 » O6 3.34 : ik 
terial der Arbeit von 


5167 ) 0.97 0.97 1,01 0,99 1,29 2.24 


BRAUDO CrRAGCS und 





WiLuiaMs wurde das Intensitiitsverhaltnis der Linien 5184 und 5173 A in der 
Bogenentladung berechnet; es betrigt 5:3,5 

Es wurde der Versuch gemacht, den Gehalt an Mg im gepufferten Dauerbogen 
soweit herabzusetzen, dai sich das in der Summenregel geforderte Intensitits 
verhaltnis 1:3:5 fiir das Mg-Triplett bei 5100 A einstellte. Wegen der geringen 
Dispersion des Spektrographen war dann aber der Untergrund unter den Linien 
so stark, dab eine einigermaBen genaue Intensitaétsmessung unmdéglich war. 

Setzt man den Mittelwert aus 7;,,,, und 7;,,, als die wahre Temperatur an, so 
betrigt die Selbstabsorption der Mg-Linie 5167 A nach den vorliegenden Messungen 


im Dauerbogen 80 


b) Temperaturen im P.-Funken 

Derselbe systematische Gang in den Temperaturwerten, wie er beim Dauerbogen 
auftrat, wurde auch bei den Funkentemperaturen festgestellt. Berechnet man in 
derselben Weise wie oben die Selbstabsorption der Linie 5167 A, so erhalt man beim 
zeitlich zerlegten Funken in der 3. Phase 60% und in der 2. Phase 80% Schwichung 
der Intensitaét; die aus den tibrigen Werten der Tabelle 2 sich ergebenden Selbst 
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Untersuchungen an einer stromstarken, langdauernden Konder 


absorptionen liegen zwischen diesen beiden Extremen. In den beiden MeBreihen 
wo die Mg-Cu-Legierung als Elektrodenmaterial abgefunkt wurde. ist die Uber 


einstimmung in den 7,,, sehr gut. Auch die Ubereinstimmung der 7), mit 7. ist 


befriedigend, wenn man bedenkt, daB bei gleicher Unsicherheit i Best be ing 
von AY der relative Fehler fiir 7,, ,, 10% ist gegeniiber 2.5 bei 7)... (der Wert von 
T.. 4, des Cu-Mg-Funkens ist wegen der Stérung durch Cu I 4706 A sicher zu hoch 
Die Diskussion der gemessenen Temperaturwe rte ergibt also, da die wesentliche 
Feststellung dieser Arbeit zu Recht besteht: In den leuchtenden Dampfwolken der 


Pfeilsticker-Entladung herrscht eine verhaltnismaBig niedrige Temperatur in der 


GréBenordnung von 6000° K. Wesentliche Anderungen mit dem Druck und inner 
halb des Verlaufs der Entladungen wurden nicht beobachtet. Dieses immerhin iiber 
raschende Ergebnis wirft nun die Frage auf, wie die beobachtete Anregung der Nicht 
metalle in solchen Entladungen zu erkliren ist. Diese Frage wird in einem zweiten Teil 
diskutiert werden, wobei sich zeigen wird, daB die in dieser Arbeit beschriebenen 
Beobachtungen und die ermittelten Zahlenwerte zu einer Erklarung ausreichen 


Zusatz bei der Korrektur: Wahrend der Umbruchkorrektur wurde dem Verfasser die Arbeit 
von L. BuirzierR und W.M. Capy bekannt ,,Exitation Temperature in Ti Resolved Spectra 
of Single Condensed Spark Discharges", J. opt. Soc. Amer. 1951 41 44¢ 
an Multi-Source-Entladungen fihrte auch zu ahniich unerwartet 
der Entladung konstanten Anregungstemperaturen, wie bei det 
den Pfeilsticker-Funken 


Zusammenfassung 

Die Untersuchungen am Pfeilsticker-Funken zielten darauf ab. eine Erklirung fii 
die Anregung der Nichtmetalle in dieser Entlad ng durch Sammeln ey perimente llen 
Materials vorzubereiten. Eine grébere Zahl von Einzelmessungen wurde hierzu 
ausgefiihrt. hierbei interessierte vor allem die Druckabhingigkeit der elektrischen 
und optischen Eigenschaften des P-Funkens. Eine Temperaturbestimmung aus 
dem Intensititsverhaltnis zweier Linien ergab eine Anregungstem pe ratur von ca 
6000° K. Die Temperatur anderte sich im Verlauf der Entladung nicht. Ein g 
Anstieg der Temperatur mit dem Druck wurde gemessen 


Literaturverzeichnis 
1) Preritsticker, K Spectrochin Acta 1941 1424. Spektralanalys 
schwer anregbarer Nichtmetalk 2) Kaiser, H Spec 
Funkenentladungen. [3] Ornstein und van Wisk, W.R Z 
tiber das negative Stickstoffbandenspektrum 4) Kersten, J. A.H 
1941 8 1124. The Relative Transition Probabilities in the Spectrum of Magnes 
Kine spektroskopische Untersuchung des elektrischen Lichtbogens ur ler etvlen-Luftflamme 


Uppsala 1948 6] Lincen, D. van; Physica 1936 3 977. Bestimmung vo berg SV scheinlich 
keiten im Kupferspektrum und ein Studium des Metallbogens. [7] ScuHuTTEVAER, . , DE Bont. M. J 
und VAN DEN Broek, Tu. H Physica 1943 10 544. Determination of the Relative Transition Proba 
bilities of some Triplettlines in the Atomic Spectra of Calcium and Strontiun 8) WeizeL, W. und 
Romper, R.; Theorie elektrischer Lichtbégen und Funken. J. A. Barth, Leipzig 1949. [9] Srerrer, A.; 
Spectrochim. Acta 1952 6 251 Einflu8 des AbbildungsmaBstabs fiir den Spalt auf das gemessene 
Intensitatsverhaltnis von Spektrallinien. [10] Hamaker, H. C. and Ornstern, L. 8. Physica 1936 3 561 
Tables of the Emissivity of Tungsten as a Funktion of Wavelength from 0,23-—2,0 u in the Region of 
Temperature. [11] Kaiser, H.; Spectrochim. Acta 1948 3 159 Uber Schwarzungstransformationen 
[12] HonersAcer-Soum, M. und Kaiser, H.; Spectrochim. Acta 1944 2 396. Beriicksichtigung des 
Untergrundes bei der Messung von Intensitaétsverhdltnissen. [13] Braupo, G. J., Cracas, J. D. and 
Wituiams, G.C.; Spectrochim. Acta 1948 3 546. On the Exitation Temperature in a Spectroscopix 
Spark Source 


36: 





London 


\ spark-traverse attachment for the Hilger large quartz spectrograph 
G. L. Mason and J. N. Apcock 


Department, Swinden Laboratories, 


Summary \l j ry att ent tort g large quartz spectrograph has been described, 
with wi Hh it t i stationary upper electrode while the photo 
grapl (| moves downward past the camera aperture 


of the 


0-016 rol th ! ilt ctrogra 


spark crater « 2used by this form of excitation is 0-4 mm 
it is possible to determine quantitatively the 
Mn, Si, Ni, Cr, Mo and V over the area of sample 


tec! hique it 18 hoped later to include carbon im 
ibove te« hnique to the determination of 


valuable assistance to the metallurgist 


Introduction 
meerning localized heterogeneity in metals, concentration 
s, diffusion of metals, ete., present an ever-increasing demand 


chemist for more comprehensive analytical data, and it would 


it in this respect the capabilities of present classical methods of chemical 


have been stretched to the utmost. On the other hand, however, the pro 
ipplication of spectrographic methods of analysis over the past twelve 
is technique to be most versatile, as instanced by the numerous 

sublect 
thereto! in a research department dealing with many and 
ibove type, that some thought should be given to the possible 
this field, resulting from which has been the 
iverse attachment for our Hilger large quartz spectro 
ation of this type of mechanism has already been reported 
und OLpFIELD [1], and the principles of their rather 
lied in a remarkably simplified form in the auxiliary 
present report; an illustration of its application is 


Greneral description 
hanism is to move the sample horizontally under a stationary 


counte! movement being synchronized with the downward movement 


of the photographic | behind the aperture of the spectrograph. Throughout 
the movement ig sItage discharge is maintained across the minute gap between 
counter electrode and sample with the result that a continuous record of the emitted 


spect | radiations 1s obtained 





A spark-traverse attachment for the Hilger large quartz spectrograph 


The general arrangement of the apparatus fixed in position is shown in Fig. 1, 
and Fig. 2 outlines the assembly of the component parts. 

There are four principal components, a motorised driving unit, a traversing 
stage, a plate drive attachment, and an adjustable electrode holder. All these are 


Fig. 1}. The spark transverse attachment in position 
ELECTRODE 
HOLDER. 


DRIVING 
UNIT, 


\ 
rc 


f 
PLATE DRIVE | 
ATTACHMENT | 








i 


Fig. 2 Assembly of component parts 


removable, but for convenience, the plate drive attachment is left permanently 
attached to the spectrograph. The only necessary modification to the existing 
spectrograph is the removal of a small ball detent locator on the worm gear hand- 


wheel. 


1. Driving unit 
Power is supplied by a fractional H.P. geared motor running at 6 r.p.m.; this is directly coupled 
to the main shaft in the drive unit. By means of suitable gearing, the speed is reduced at two 
vutput shafts running at 2-56 and 1 r.p.m. respectively. One shaft drives the plate holder 
and the other the specimen table. 

Fig. 3 shows diagrammatically the arrangement of gears. The motor is non-reversing, 
and in order that the specimen table may be returned to its original position, a hand operated 
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4. Klectrode 
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published by OLDFIELD [2] 


hence with 96 r.p.1 t 
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and consists of a brass tube (1) wh 
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rear when not required 
init by a simple loose bar coupling 
of flexibility 


oves the plate through a dis- 


he plate speed is 7-68 mm per minute. 


according to the description 
ich holds the nipple-pointed 





A spark-traverse attachment for the Hilger large quartz spectrograph 


silver electrode securely fixed by a locking screw (2 By means of the screw thread (3) the 
electrode may be moved into contact with the sample and then withdrawn by an amount 
indicated by the calibrated dise (4). 

In operation, a 4-5-v dry battery and electric bulb are connected in series with the sample 
and silver electrode by means of clip-on contacts placed at (2) and the sample connection 
With the contacts in position, the electrode is screwed down until lighting of the bulb indicates 
contact with the sample. The electrode is then locked in position by means of screw (5) and 
the contacts removed After loosening screw (5) the spark gap 1s then set by withdrawing the 
electrode tip from the san ple surface by the required amount of rotation of the calibrated 
dise (4). 

The upper surface of this dise is divided radially into 100 divisions, each division represent 
ing a spark gap of 0-0125 mm (0-0005 in Since it is possible to read to one half of a division, 


36° Lis 
ANGLE val a T mm. 


Fig 6 Nip} le pe inted silver electrode 


it 1s possible to set the ip width to an accuracy of 0-00625 mm (0-00025 in.) and tests have 


shown that different operators can re-set the gap width to within a half division of the scale 


rhe electrode employed is of ‘‘Thessco” spectrographically pure silver, 6mm. in diameter 


and machined to a nipple point as illustrated in Fig. 6. 


\pplications 
(a) W elded areas 
In order to illustrate the sensitivity of this technique in detecting concentrational 
variations in steel structure, a test sample, consisting of a weld “‘bead”’ deposited 
across the surface of a standard steel, was prepared and a prolonged traverse, con- 
sisting of three co-linear traverses, was carried out under the conditions detailed 
in the Appendix 

From the observations plotted in Fig. 7 it is possible to follow the variation in 
concentration of the elements Mn, Si, Ni, “r, Mo and V from the parent metal 
(i.e. standard steel) across the “‘ penetration zone’’, into the weld proper and return- 
ing via the penetration zone to the parent metal. 

By means of a slight modification, the application of a controlled air blast across 
the spark gap, it would also have been possible to observe variations in carbon 
content but in this instance it was not possible to do so owing to lack of: 

(i) necessary equipment for providing a controlled air-blast, 

(ii) suitable standard steels giving a range of carbon content. 


This omission will however receive attention in the near future. 
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“/m TRAVERSED ———— 
Fig. 7. Transverse graph across test sample 
(b) Segregates in steel 
The technique can also be applied to the quantitative analysis of segregates in steel, 
the segregates having previously been rendered visible by etching of the prepared 
surface with an appropriate reagent. In this respect the initial application of this 
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technique was the examination of a section of a manganese-molybdenum steel 
bloom for suspected micro-segregation of manganese. 
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APPENDIX 
1. Preparation of test sample 
The test sample was prepared as follows: 

A groove, approximately 6mm wide x 3mm deep was ground across one 
face of the 25 mm cube of standard steel, and by means of the electric arc, a weld 
bead was deposited along this groove. The surface was then ground level and the 
spark-traverse carried out under conditions given below. 

The chemical analysis of the standard steel was as follows: 

Mn Si Ni Cr Mo V 
1-43 0-25 0-27 0-17 0-29 0-30 


The weld electrode used was a 10 gauge Duroid No.1 which under normal 
conditions gives a deposit of 1% Cr, 1% Mo composition. 


2. Traverse 


In order to spark-traverse from the normal structure of the standard steel, across 
the weld area, and back into the steel, it was necessary to carry out three co-linear 
traverses, each of approximately 6 mm in length and of 7 min duration. 

The conditions of traverse were as follows: Rate of traverse of sample 0-9 mm 
per minute. Rate of fall of photographic plate 7-68 mm per minute. 


3. Plate calibration and standardisation 
The methods of plate calibration and standardisation utilised were those normally 
applied in this laboratory and previously reported upon [3]. 

With regard to standardisation (internal standard method), the working curves 
were plotted from traverse spectrograms obtained from nine standard steels. The 
duration of traverse of each standard was 2} min, during which time a spectrogram 
consisting of spectral lines approximately 20mm in length was obtained from 
a traverse of 2-25 mm. 


Table 1. Analytical line pairs 





Element Line pair Element Line pair 


Manganese Mn 2933-063 Chromium Cr If 3132-053 
a ie Fe 1 2936-905 | Fe I 3116-633 
Si I 2881-578 Molybdenum 2816-154 
Fe I 2874-172] ° Per 2813-613 
Ni I 3414-765 j 3102-299 


Vanadium 


-p-cpllintiil Fe I 3417-843 Mtithk 3100-666 


Silicon 
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attachment 


e intensity tios of the respective line pairs given in Table 1, for each of the 


Mn ind V were measured in 2mm steps on the micro 


meter T I \ ’ nt t 1O 1 each case was plotted against the 


WITAIMILS 
the three pectrograms obtained from the above traverses consists of 
lines approxim iv €& m 1g 
ich of the elements Mn Ni, Cr, Mo and V the deflection readings of 
ilar analytica ne | easured in 2mm steps on the microphoto 


I These \ . onverted to log relative intensity values by reference to 


ippropria late calib on table and for each 2 mm step of line pair, the log 


o of the \ in ; | element/I iron obtained. These intensity ratios 
were then related to t particular working curve and the resulting element contents 


otted as illustrate Fig. 7 


Instrume ni 


Wave Band: 27 $400 A 
Slit width on 0-0006 in 
slit Lengt } 


Distance of sour: ( slit: Liem (6 
sour inil nt i conde! 21 & 
lransformer 
Inductance 


{ ipacity UO mM 


le rposure deta 

(ounter electrode Pure silve1 im di n l¢ pointed to dimensions given 
in Fig. 6, oxidised by presparkir 

Sample electrode _ y precision grinding 

Spark gap: 0-37 

Exposure: Acc g to duration of 

Photographi Kodak Photoscript B. 10 
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Mesures directes d’intensité de raies spectrales 4 aide de photomultiplicateurs 
G. BonFicLioii, G. MONTALENTI 


lurin (It resenté au I\ ( 


Summary——By calculating approximate the plituc istribution o ulses forming 
the background nois 1 photomultip I ib t peal sib t limin most of this 
by introducing al n itude-discriminating p into 1 yster me n using counting 
rate meter as the in iting ment | ! hod . ns ! | vantag over the 
normal use of ioto-multiphier cell and tl ntegration ti {f the counting rate meter can 
be adjusted to g appropriate sensitivity to the det ven for very faint sources. The 
linearity of the system has been checked, and its p nance is illustrated by the record of 
the spectrum of a mercury vapour lamp 


1. L’emploi des photomultiplicateurs en régime de compteur de photons 
Il est bien connu qu’un tube photomoltiplicateur peut, dans certaines conditions, 
travailler en régime de compteur de photons. Pour ce qui concerne la structure et les 
caracteristiques de ce genre de phototubes on renvole aux travaux fondamentaux 
publiés a ce sujet [1], [2 3 | 

Puisque le temps nécessaire pour qu'un photon qui tombe sur la cathode sensible 
donne lieu a l’avalanche d’électrons sur |’anode finale est de l’ordre de 10-8 & 10-9 
seconde, on voit que la possibilité de faire travailler le tube en régime de compteur 
subsiste lorsque les flux lumineux a mesurer ont des intensités de l’ordre de 10 
photons a la seconde au maximum (cela revient, pour une longeur d’onde de 4000 A, 
a environ 5-10°15 uW). La limite inférieure serait zéro, s’il n’intervenait le bruit 
de fond. La cause principale du bruit de fond est l’émission thérmoionique de la 
cathode sensible et des dynodes successives. (Pour un examen détaillé de cette 
question voir 4], 5] 6 |.) 

Rappelons encore, parce qu’on se servira de cette donnée, que pour un tube 
931 A (R.C.A.) tel qu'il a été employé dans les mesures que l’on expose ici, le rapport 
d’emission secondaire, c’est a dire le nombre d’électrons secondaires libérés par chaque 
électron tombant sur une dynode, est en moyenne de 4,6 pour une tension entre 
chaque couple d’électrodes légérement supérieure & 100 V 

De cette facon, dans une 931A, qui posséde en tout onze électrodes, chaque 
photon qui arrive donne lieu a la sortie 4 une avalanche d’environ 4,6"! ~ 4,6- 10° 
électrons 

Les thermoélectrons émis par la premiére électrode sont naturellement multi 
pliés par émission secondaire, comme on l’a vu, par toutes le électrodes successives, 
c’est a dire, par exemple, n fois; ceux émis par la deuxiéme, n-1 fois; et ainsi de 
suite. Comme on voit donc, en premiere approximation, le bruit de fond peut étre 
considéré comme un ensemble d’impulsions d’amplitude variable jusqu’é un maxi 


mum qui correspond aux impulsions provenant de |’émission thermoionique de la 


premiére électrode. Or l’impulsion de courant causée & la sortie du tube par un 
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cathode sensible aura évidemment une amplitude au moins 


lu bruit de fond, parce que les électrons photoélectriques dus 


lm au 
seront multiples par toutes les dynodes du tube On apercolt 


ivec des faibles flux lumimenx, en 


possibilité (bien entendu si l'on travaille 
reliant a Ventrée 


' le reduire leffet génant du bruit cde fond, en 
r d’amplitude, qui laisse passet seule 


aout étre 


ie compte 


re un discriminate 


a impltuce supereure i une \ Lleure donne qui 
lit maximum du bruit de fond 
aans executees a Laicl d'un 


t l'on en montrera plus loin les avantages 


Le bruit de fond d’un photomultiplicateur 


e fonctionnement du photom« Itiy icateur on expose Ici 


ut a fait rudimentaure permet cl prevol allure de la 


et lexperier pour la distribution en 


oportionel au nombre d iumpulsions 


cour'.< de distribution en amplitude des impulsions de bruit de fond et de calculer 


leur fréquence, si l'on connait la valeur du courant now du phototube 


Si l’on néglige les fluctuations statistiques, on peut admettre en premiere 
upproximatior que ¢ hacune des électrodes du tube émet par effect thermoionique 


n électrons par seconas Cela fait que les thermoélectrons émis pal toutes les élec 


trodes, de la premiére a la p-éme incluse, donneront lieu &4 un nombre y d’impulsions 
Si l’on 


p, et d’amplitude v proportionnelle (pour une 931A) & 4,6"? 


égal a n 


372 





Mesures directes d’intensité de raies spectrales & l'aide de photomultiplicateurs 


considére p comme une variable continue les équations paramétriques de la courbe 
de distribution en amplitude des impulsions de bruit de fond sont évidemment 
y np v b- 4,6" (ou 6 est une constante 
On tire de la, si A ct B indiquent deux constantes 
y A Blog, V. (1) 


La Fig | montre que l'accord entre | equ ition (1) et I’ xperience ¢ St assez Satis 


faisant vu la simplicité du raisonnement employé. La droite en trait plain repré 


sente (1) en échelle semi-logarithmique ; les points expérimentaux ont été tirés des 
résultats des mesures exécutées par MARSHALL et ses collaborateurs [4]. En négli 
geant les fluctuations statistiques de |’émission thermoionique on est conduit 
& une coupure nette dans |’aiplitude des impulsions possibles tandis que lex 
périence montre qu'on a toujours une probabilité, si petite soit elle, d’impulsions 
plus grandes que la limite imposée par (1), c'est a dire 


} lot (2) 


Mais néanmoins ce raisonnement suffit & montrer qu'il doit étre possible d’éli 
miner en majeure partie le bruit de fond di a toutes les électrodes sauf la premiere, 
si le phototube est suivi par des circuits discriminateurs d’amplitude reglés de facon 
& ne pas repondre aux impulsions sensiblement plus petites que la valeur J,,,,, 

La relation entre le courant noir et la fréquence des impulsion du bruit de fond 
(disons NV leur nombre a la seconde) peut, elle aussi, étre aisément précisée. Si e est 
la charge de l’électron (¢ 1,6 - 10°?* coul.); si nm indique toujours les électrons émis 
par chaque électrode par seconde, si enfin on adopte 10-§ Amp [5] comme ordre de 
grandeur du courant dans l’obscurité d’une 931A, qui rappelons-le, posséde 11 élec- 
trodes compris la cathode et l’anode, on peut ecrire tout de suite 


n¢ 4,610) 10° § Amp 


dott 


et 
105, 


3. Sensibilité des mesures 
Les considérations précédentes se résument don dans le fait qu'on peut espéret 
d’abord, par lesdits moyens, éliminer environ 90% des impulsions parasites; d’autre 
part que le nombre total de ces impulsions est donné par la relation (3) pour une 
931A dans les conditions ordinaires (c’est a dire a la température ambiante, a la 


a 


quelle se rapporte le courant parasite de 10~§ A accepté dans notre calcul). Cela 
revient a ce que l'on aura, aprés le discriminateur, quelque chose comme A - 104 
impulsions de bruit de fond A la seconde 

Il est utile, A ce point, d’essayer de déduire de cette donnée quelle sibilité et 
quelle précision on peut attendre dans la mesure d’un flux lumineux, en travaillant 
avec le montage suggéré, c’est-a-dire, 931 A, suivie du discriminateur d’amplitude 
Sulvi a son tour par un “‘counting rate mete! C’est ce que nous allons faire main- 
tenant en terminant par une comparaison des données que |’on aura ainsi déduites, 
avec celles que l’on peut attendre par l’emploi de la méthode habit uelle c’est -a-dire 
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G. MONTALENTI 
usage d’un galvanométre (ot: d’étages amplificateurs & couplage direct) pour la 
lecture du courant an dique du phototube 

Il est inutile de reproduire ici les calculs complets d’ailleurs tout a fait élémen 
taires. Il suffit de 1 uppeler comme choses bien connues qu'il est possible de compter 
en une seconde avec une erreur probable disons de 2% M impulsions de 
‘signal’ en présence de N’ impulsions parasites (N’ est le nombre des impulsions 
parasites apres le discriminateur d’amplitude si M est racine de la 


M 0.02 (4) 


Sila durée pendant laquelle l'on compte est au contraire de JT’ secondes, |’on voit 
que VM sera <divis¢ par | T. Or. T' | sec est une valeur convenable pour ln constan 


te de temps du circuit d’intégration d’un tel ‘‘counting rate meter’’: son augmenta 


itilisé pour les mesures. A lampe & vapeur de Hg; B Condensateur en quartz; 
C Monochromateur; D Cellule; E Counting rate meter 


tion entrainerait en fait une lenteur génante dans |’exploration du spectre. De (4) 
pour N’ 1- 10% on tire: M = 5-108. Le rendement quantique d’une 931A 
étant d’environ 0,1 photoélectrons par photon de 4000 A* on conclut que l’on peut 
encore mesurer & 2% prés, dans les conditions exposées, un flux de quelque 5 - 104 
photons & la seconde. Dans le méme cas |’examen des possibilités de l'emploi d’un 


galvanométre ou de circuits équivalants pour la mesure de courant anodique du 


photomoltiplicateur porte d’aiileurs 4 conclure a une sensibilité de quelques fois 
inférieure 


* Cette valeur peut étre aisément déduite des données que la R.C.A. fournit pour une cellule normale 
avec cathode du type 84 (comme celle de la 931A); par exemple la 934, qui a une sensibilité de 
: 3-10°8 Coul/sec electrons 
0,03 A/W. On tire de suite pour le rendement quantique 0,1 
2-10'* quanta/sec photon de 4000 A 
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4. Description de l’appareillage realisé 
L’apparaillage réalisé est representé par la Fig. 2. En bref: un photomultiplicateur 
931A, enfermé dans une boite métallique D munie d’une fente pour l’entrée de la 
lumiére, est suivi par un préamplificateur avec discriminateur d’amplitude, logé 
dans la méme boite. Le gain est & peu prés de 100 et la constante de temps de 
ll usec. La sortie est réalisée a l’aide d’un “cathode follower” adaptatanta l’impé 
dance du circuit. Un — 
cable blindé conduit les | sara 2 etages 3 etages Vottmetre a HH) 
impulsions amplifiées H'armplification | |¢’'amplitication [~~ | lampe avec 
es impulsion s et derivation discriminateur 
d‘amplitude 

















& un “counting rate 

















meter ”’ qui est logé dans 
la grosse boite E visible Alimentateur | 
dans la Fig. 2 qui con H.T 


tient aussi les alimen 
7 ee Alimentateur 
tateurs. Une stabilisa 


tion suffisante du gair. Fig. 3. Schéma de principe de l'appareil 























est obtenue au moyen 

du systéme suggéré par PRINGSHEIM [8]. La constante de temps du “counting rate 
meter ’”’ est variable, au moyen d’un commutateur, entre 10-1 et 10 sec environ. Le 
courant dai aux impulsions est lu sur un instrument de 30 u.Amp situé comme le 
montre la Fig. 2. La Fig. 3 reproduit le schéma de principe de l’appareillage. On 
voit que le counting rate meter se compose essentiellement de trois étages d’ampli- 





fication et dérivation, destinés a © +300 V 
égaliser entr’elles, autant que pos 
sible, les impulsions et d’un étage 
constitué par un voltmétre a lampe 
une pentode qui charge, 4 courant 
constant, un condensateur shunté 
par une résistance en série avec 
instrument indicateur. VR 150 





La Fig. 4 donne le schéma détaillé 3 10kN 
de cet étage, qui explique aussi son 





fonctionnement comme discrimina- 00 





teur d’amplitude. Comme on voit Fig. 4. Circuit du voltmétre a lampe discriminateur 


clairement, cela est obtenu simple- d'amplitude 


ment en réglant la polarisation de 
la 6SJ7 & l’aide du potentiométre de 10 kQ de fagoen que la tension sur la grille 
soit suffisamment négative pour empécher les électrons d’atteindre l’anode en 
absence de signaux lumineux sur la 931A (c’est-a-dire en présence des seules im- 
pulsions du bruit de fond). Cela naturellement a pour effet que lorsque un 
signal parvient a la grille pilote le potentiel est élevé au dessus du potentiel d’inter- 
diction et le courant passe. Comme on |’a vu dans le paragraphe (3), les impulsions 
dues & la Jumiére que l’on veut déceler ont certainement une amplitude suffisante 
pour cela. 

Des schémas beaucoup plus compliqués peuvent, comme |’on sait, étre réalisés 
dans le méme but; mais celui de la Fig. 4 s’est toutefois montré satisfaisant. 
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Il reste & remarquer que la constante de temps du circuit d’entrée R C’ doit 
étre assez courte pour que le condensateur puisse se décharget pendant l’intervalle 
qul en moyenne se passe entre l’arrivée de deux impulsions du signal. 


40 
BA 


Hz-10° 
° 


0 10 20 30 40 50 


Fig. 5. Etalonnage de fréquence du counting rate meter montrant la linéarité de la reponse 


L’encombrement de l'appareil est assez réduit comme on voit trés clairement 


dans les figures. I est évident qu’il est essentiel, afin de pouvoir utiliser l'appareil 


pour des mesures quantitatives rapides et précises, que indication de |’instrument 
soit en relation linéaire avec le flux lumineux qui tombe sur le phototube. 


Il est 


10 


° 


~ 
4000 4500 


lampe & vapeur de Hg (1 atm 








Fig. 6. Enregistreme 


nécessaire donc de s assure! que soit la reponse de celui-ci, soit celle du counting 
rate meter” joissent de cette propriété. A |’égard du photomultiplicateur les ex 
périences de ENGsTrom [2] assurent que la condition est remplie dans une vaste 
gamme de valeurs du flux. Quant a la partie électronique, elle a été calibrée au 
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moyen d’un générateur d’impulsions 4 fréquence connue en obtenant la courbe re 
produite en Fig. 5 qui se montre étre linéaire avec une approximation de quel 


c 


ques %. En confirmation de ceci on a procédé a une vérification globale du complexe 
en diminuant, dans une mesure connue, un flux lumineux au moyen d’un atté- 
nuateur de lumiére a secteur tournant. L’expérience a confirmé que la linéarité 
globale est comprise entre quelques pourcents. 

On a également enregistré le spectre d’une lampe 4 vapeur de mercure Osram 
& pression moyenne (& peu prés une atmosphére): Fig. 6 La reproductibilité des 
résultats est de quelques %, comparable donc & celle de la méthode photographique. 

Rappelons enfin les intéressants résultats exposés par PH. TRAYNARD [8]. Les 
trés beaux résultats de l’auteur francais et de ses collaborateurs suédois, dus a la 
sensibilité et a la précision des leurs circuits, ont été atteints au moyen de la techni- 
que des amplificateurs D.C. — Or, comme on |’a fait remarquer, il s’agit de circuits 
assez délicats surtout lorsqu’on désire des hauts gains; en outre, on a fait large- 
ment usage de battéries, peu commodes dans la pratique. Au contraire, rien de 
tout cela n’est nécessaire dans le circuit 4 impulsions. La précision moins grande 
des résultats exposés est due, comme on a déja dit, au fait qu’on n’a pas eu intention 
de la pousser au maximum vu le but du travail, mais on doit bien comprendre qu’en 
modifiant convenablement les details des appareils la méme précision doit étre 
realisable avec les “‘counting rate meters”’ beaucoup plus pratiques. 


Résumé 


On développe un calcul approché de la distribution des impulsions du bruit de fond d’un photo- 
multiplicateur, qui permet de prévoir la possibilité d’en éliminer la majeure partie en faisant 
travailler le tube en régime de compteur de photons et en faisant précéder les circuits de numéro- 
tage par un discriminateur d’amplitude. On montre que cette voie doit présenter beaucoup 
d’avantages vis-a-vis d’une amplification normale 4 couplage direct. On décrit l’appareillage 
réalisé qui comprend un photomultiplicateur suivi par un “‘ counting rate meter”’. Avec ce mon- 
tage, simple et pratique, on a enregistré le spectre d’une lampe a vapeur de Hg avec une bonne 
fidélité et une vitesse remarquable d’exploration. 
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Effect of variation of cireui* parameters on the excitation of spectra 
by capacitor discharges 


CHARLES H. CorR.Liss 


Summary—The spectra produced by low voltage capacitor discharges between iron electrodes 
have been observed for various values of capacitance, inductance, and resistance in the circuit 
Relative intensities of Fe I and Fe II lines from oscill ng, critically damped, and overdamped 
discharges were measured. No single variable was found on which the excitation was solely 
dependent. Although the inductance exerts the controlling influence on the excitation when the 
capacitance small, the effect of resistance predominates when capacitance is large. There 
is a strong dependence of the excitation on the peak current, but this correlation is also 
dependent on the capac 

The differential equatio! of the RLC circuit are solved for peak current, the time at 
which it occurs and its dé pendence on the resistance These solutions show that the critically 
damped discharge has the shortest duration and that both the maximum value of current and 
the interval after which it occurs diminish as the resistance is increased. A graphical method 


peak current 1s presented 


I. Introduction 

One of the earliest and most widely employed methods of exciting spectra has been 
the discharge of a capacitor across a gap between electrodes of the material to be 
studied. Such a discharge tends to excite the spectra of ionized atoms more strongly 
relative to the spectra of neutral atoms than does an electric are and the degree of 
excitation depe nds to some extent on the capacitance, inductance and resistance 
in the discharge circuit. Studies of the effect of all three of these parameters on 
the intensity and degree of excitation of the spectra from metallic electrodes should 
be of assistance to spectrom hemists in the choice of operating conditions for use 
with the versatile source units now available 

pome invest ations have been made which show the change of intensity with 
one variable. Cracos and MEEK [1] studied the radiation from hydrogen and argon 
between tungsten electrodes during a spark discharge. They found that the peak 
intensity of the gas lines varied linearly with the gas pressure and, in the case of 
argon, with the peak current. The intensity from hydrogen increased less rapidly 

large values of peak current. Braupo, Craccs and WILLIAMS [2] investigated 
the temperature of different capacitor discharges. Since no equilibrium temperature 
was found, it was impossible to correlate temperature with the circuit parameters. 
The work of Dieke [3] and of vaAN CALKER and TackeE [4] and earlier investigators 
has shown that in a capacitor discharge the air lines are excited first, followed 
qui kly by spark lines ind then irc lines of the elec trode material It has been shown 
that the relative intensity of the radiation from these three different periods is 
affected by the magnitude and damping of the current flowing BRUCELLE [5] 


studied the relative intensities of iron lines as a function of power in a 10 kv spark 


for capacitances between 0-003 and 0-01 uf and found that increased capacitance 
favored the lines of higher energy. 





Effect of variation of circuit parameters on the excitation 


The high voltage spark generators which have been in use in spectrochemica] 
laboratories for many years have consisted of a capacitor of the order of 0-01 uf 
charged up to about 20 or 30 kv and discharged through an inductor. Resistance is 
not introduced into the discharge circuit to any significant extent because the rather 
high resistance necessary to affect the character of the discharge when the capacitance 
is small greatly reduces the spectral intensity. Instead, the degree of excitation 
is controlled by variation of the inductance and all of the discharges are oscillatory 

In 1943 HasLerR and DreTert [6] described a new spectroscopic source unit, 
the “‘M:Itisource’’, in which capacitors of the order of 10 uf are charged up to 
1000 v and discharged through inductors and resistors. At the high values of 
capacitance, critical damping was obtained with much lower resistance so that 
the degree of excitation could be altered by changing the resistance without seriously 
impairing the efficiency of radiation production at the electrodes. Both oscillatory 
and overdamped discharges could therefore be attained. These investigators 
observed the ratios of Al I, Al II and Al III lines in discharges between a graphite 
cathode and aluminium disk anode. The highest excitation occurred in the neighbour 
hood of critically damped and oscillating discharges while the lower current over 
damped discharges were more arc-like. SINCLAIR | 7 | excited the spectra of zine 
alloys with a source of this type and found that the intensity ratio of a spark line 
to an are line was a function of the peak current, although separate but parallel 
curves were obtained for each value of capacitance. 

The present paper is introduced by a discussion of the equations which describe 
the flow of current from a modern low voltage unit in which all three parameters 
can be varied over wide ranges. This information is then correlated with the ex 
perimentally observed variations of intensity and intensity ratios in the discharge 
between iron electrodes. 


Il. Mathematics of transient discharges of capacitors 
The mathematical description of transient discharges of capacitors has been derived 
in many texts since the original exposition by Sir WiLt1aAM THomson [8] but the 
equations of particular interest in the study of spectroscopic sources are not usually 
presented. The spectroscopist may be interested, for example, in the maximum 
value of current, the time at which it flows and its dependence on the resistance 


of the circuit. Since the introduction of over damped discharges in spectroscopic 


sources, he is no longer satisfied with expressions in which the resistance is neglected. 
Moreover, corrections have to be introduced because the damping is not exponential 
in open sparks. The equations describing these factors are presented below 
The symbols not elsewhere defined in this discussion have the following meaning. 
capacitance 
inductance 
resistance 
charge on the capacitor 
time from beginning of discharge 
current at time f 
voltage at t 0 
base of natural logarithms (2-718) 
natural logarithm. 





When a charged capacit discharged through a resistor and inductor the 
sum of the voltages in the uit is given by the following differential equation 


0. (1) 


the current in the circuit as a function 


of tim } 


where 


The flow of current can be of three types: overdamped, criti lly damped and 


oscillatory 
1. Overdamped discharge 


VW hen Rk? 


i] ‘ 
with high capacitance or resistance, or low inductance), A is 
f 


real and the current can be calculated from eq. (2). The time at which the discharge 
current reaches its maximum value can be calculated by putting the derivative 


of the current equal to zero and solving ior 


af 


Solving for t we find 


Substituting 


2 4b 
An interesting special case of eq. (4) occurs when R? c 
y 
; (5 
R ) 

This means that the current reaches its maximum value before the capacitor 
voltage has diminished appreciably and that the current approximately obeys 
Oum’s law for a while. 

When A is real, the current may also be written in terms of the hyperbolic sine 

; R 
21 


A 
2l 5S | . 6 
inn aL (6) 


2. Critically damped discharge 


When R? ~ _A 0 and eq. (2) becomes indeterminate. However, the indeter- 


minate factors can be evaluated by differentiation and a useful expression for the 
current in this case is obtained. 


(7) 


This current reaches its peak value when 
di 
dt 


U 





parame ter 


Solving for 
21 
ki 


Substituting (8) in (7) we find the peak current to be 


3. Oscillating discharge 
Oscillating discharges occur when R 


sparks operating at voltages from 10 to : x which 
spectrochemical analysis. Because of the high voltage, C is usually 
intensity of the spark would be greatly reduced if R were not kept small! 


In this case A is an imaginary numobe! o that ed ~) reduces to 


real form 


where B k? 
( 


This equation represents a current oscillating with a frequency of 
B 


radians/se 


and with an amplitude continuously deser 
damping factor. The similarity to between 
The maximum current of the oscillating « 
cycle of the oscillations As in the prece ding 
cases, the exact time at which the current 
reaches its maximum value can be obtained 
by setting the derivative of the current 
equal to zero and solving for f 
di 
dt 


U0 


B 
21 


tan! 


| 
| 
/ { (19? 
| 
| 
' 


Substituting (12) in (10) we find the maximum 
value of current 


2) , ian , 
* sintan 


An important special case of this equation 
occurs when # is negligible. Then eq. (13 
reduces to 
Discharge 


eral values 
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This is the ofter quot d expression for the peak current of an oscillating discharge 
with negligible ohmic resistance in the circuit 
The frequency of the oscillating current is obtained from eq. (11) 
; l i] - . 
f k? cycles sec (15) 
/ . 
When R becomes negligible 
this expression for frequency 
reduces Lo 


/ (16) 


When R increases, the fre 
quency diminishes and reaches 


i] , 
(critical 


zero when R? 
damping) 
The three types of dis 
charges are illustrated on a 
uniform scale of current and 
time in Fig. 1. The uppermost 
curve, calculated from eq. (2), 
illustrates a heavily over 
damped discharge in which 
the current quickly attains 
its peak value (given approxi 
mately by Onm’s law) and 
The current in the next is damped with less resistance and 
central curve, which illustrates critical damping, employs the 
= least resistance necessary 
to prevent any oscillation 
This discharge dies out 
sooner than any of the 
others. As resistance is 
further reduced the lower 
two curves of oscillating 
current, calculated from 
eq. (10), are obtained 
Observe that the more 
heavily damped curve is 
of slightly lower fre- 
quency on accordance 
with ey. (15) and that 
the peak of each current 
loop does not lie midway 
between the nodes until 
the damping is consider- 
ably reduced. Consider- 
ing the five curves as a group, it is seen that both the maximum value of 
current and the time at which it occurs diminish as R is increased 
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Fig. 2 shows the maximum value of current as a function of resistance when 
the remaining parameters are the same as in Fig. 1. At small values of R the current 
approaches the value given by eq. (14) and at large values it is asymptotic to the 
line representing Oum’s law. Between these limits the curve passes through the 
interesting region of critical damping. 

Fig. 3, obtained from eqs. (4), (9) and (13), illustrates a graphical method of 
calculating maximum current for any values of C, R, L and V. Critical damping 
is represented by unity on the abscissa. The ordinate represents the ratio of the 
maximum 7 drop across the damping resistance to the initial voltage on the capac- 
itor. When the value of the abscissa is less than 6-0001, eq. (14) can be used to 
calculate peak current, and when it is more than 109 eq. (5) is applicable. 


Ill. Resistance of an underdamped circuit 
The equations in section II imply that R is a constant Actually, in an oscillatory 
4] 
ny 


circuit containing. spark gaps, and where R the total resistance is com- 


posed of three terms. 


R=R, 


R, is the ohmic resistance of the circuit, R, is the resistance corresponding to r.f. 
radiation losses and R, is the resistance of the spark gaps. R, is constant at any 
given frequency but increases as the squre rvot of the frequency (skin effect). 
R, is proportional to the squares of the current and frequency but is probably 
negligible in these circuits. &, is very large before the discharge occurs, drops to 
a very low value as the current reaches its peak and then increases with each wave 
in the oscillation so that the damping is more nearly linear than logarithmic [9]. 
This has been verified by oscilloscopic observations [10]. Since R is not equal 
to R, when R, is small, it is necessary to determine R when the curre it is only 
slightly damped. 

The ratio of the amplitude of successive half waves in opposite directions is 
called the decrement of the oscillation [11]. From eg. (19) we find this ratio to be 


D 2b: (17) 


i. . : 
where _ is the duration of one half wave. Solving for R 
Y #| 


R 4hLfilnD 


and inserting the value of f from eq. (16) 


2 L ’ 

R -InD. (18) 
1 ( 

Since the actual damping is more nearly linear than logarithmic there is no constant 

decrement which can be specified as characteristic of the circuit but a value can be 

calculated for any particular half cycle. When the damping is linear the damping 


ft 
and the decrement during the first 


factor in eq. (10) can be expressed as | 1 


half cycle is 
D (19) 
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where V is the total number of loops in the current wave. The resistance during 
the first half eycle of such a discharge is then approximately 


l 
2N 


R (20) 


In discussing underdamped circuits containing spark gaps, eq. (20) gives a better 


ipproximation of the effective resistance than R, 


IV. Experimental observations 


In the light of the foregoing discussion some observations were made on iron spectra 


produced by a Multisource unit [6] in an effort to describe the effect of the discharge 





1000 


hm 


of the damping resistance 


100 ul 400 «lt 


circuit variables on the intensity and degree of excitation of the spectra. Observations 
were made with capacitances of 1, 4, 15, and 55 uf and inductances of 25, 100, and 
400 uh. At each of the twelve possible combinations of C and L. the resistance was 
varied over the available range. In most cases the range over which intensity 
measurements were made included both oscillatory and critically damped discharges. 

The small values of resistance corresponding to the highly oscillatory discharges 
were calculated from eq. (20); the larger values are the ohmic resistance 
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The capacitors were charged to 940 v and discharged 60 times per second between 
5-6 mm diameter steel rods tipped with freshly ground 150° cones. The gap spacing 
between the rods was set at 3mm. Six exposures through a stepped sector were 


T'able 1 





Tran 5 Ex itation po 


tential in volts 


’ 16-4 
14P,—2 13-7 
D y °D% 4-1 





made on each plate. Each plate represented fixed values of C and L and the whole 
range of R. Twelve plates thus sufficed to survey the range of the source unit 


T T 7 ar 
| Fey 3021-07 4 | 
| Fen 3002 65 // 

t ; if ; } 


7 


| 


2 
; “yp 


ry 
Resistance ——> hr 
Fig. 5. Log intensity ratio of an arc and a spark line as a function of the damping resistance 


A, 25 uh; O, 100 uh; , 400 uh. 


Measurements were made on the intensities of convenient arc and spark lines 
listed in Table 1. The plates were calibrated from the stepped sector exposures 
and the relative intensities and intensity ratios read from the calibration curves. 

The observations are presented in graphical form in Figs. 4, 5, and 6. In Fig. 4 
the logarithm of the relative intensity of an arc line and a spark line is plotted versus 


385 
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resistance. All measurements at a single value of capacitance were made relative 
to the intensity of the ar ne at the lowest value of inductance and resistance. 
Fig. 5 shows the dependence of the intensity ratio of an are and a spark line on the 


resistance. In Fig. 6 this intensity ratio is plotted versus the maximum current of 


the discharge producing the lines. This current is calculated from the circuit con 


Discussion 

phenomena are exhibited in Fig rhe intensity of the are 
ines tends to ich a minimum in the neighbourlh: critical damping resis 
nee. This can be seen by comparing Fig. 4 w 
\t critical damping, the duration of 
the current 1s at a minimum, as was 
shown in Fig. 1. The intensity minimum 
does not appeal with 55 uf probably 
cause of the violent attack on, and 
pronounced melting of the electrode tips 
The spark line intensity, on the other 
hand, tends to diminish as the damping 
increased; the more rapidly at the 

r values of « ipacitance 
The degree of excitation present in a 
scopic source is usually judged 
from the intensity ratio of are lines to 


spark lines. Fig. 5 shows the variation of 


ue of resistance in ohms 


dam ping occurs 





100 uh 400 uh 


40-0 

20-0 

10-32 
5-40 





this ratio for lines with excitation potentials differing by about 10 electron volts. It is 
apparent that the ratio increases with the damping at all values of capacitance but 
that the change is particularly large at higher values of capacitance At 55 uf 
1. tenfold increase of resistance changes the intensity ratio by a factor of eight. 
Moreover, at the larger values of capacitance the inductance has little influence on 


the excitation [he departure from this generalization with small damping at 
> uf may be caused by melting of the electrode tips. At low values of capacitance 
the degree of excitation is somewhat dependent on the inductance. This is in accord 
with experience on high voltage spark generators. In those instruments capacitance 
is of the order of 0-01 uf and the inductance is known to exert a marked effect on 
the excitation [14]. Has_er and Dietrert [6] have observed this increase of arc 
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Effect of variation of circuit parameters on the excitation of spar 


line to spark line ratio in the spectra of discharges between an aluminium surface 


and a graphite rod 

SINCLAIR [7] and Enns and WOLFE 15) have suggested that the degree of 
excitation 1s dependent on the peak current of the discharge In Fig. 6 the data 
on the line pair, Fe I 3021-07/Fe Il 3002-65, are replotted versus the peak current 
At large values of peak current there seems to be a fair correlation between the 
intensity ratio and the peak current, independent of individual values of the circuit 
constants, but at low values of current there is a marked dependence on capacitance 
It would be interesting to see if the curve of Fig. 6 could be extended into the region 
of higher maximum currents which can be attained with high voltage sparks 

The suggestions made by Bourbon F. Scripner during the course of this work 


are gratefully acknowledged 
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Spectrochemical analysis of copper and bronze 
by the copper oxide spark technique 


M. vAN DOoRSE! RB. 7 , J. GILLis 


Summary 


In the spectrochen an if co ral samples are very often 
converted into oxi ich can | ( i hollo irbon o1 graphite electrode 
Formerly omi I I was : » cause the oxide 
powder t nit s pro ' e emission spectra, 
less re wing ig temperatures and 

effect 11 opper-o park technique has 

spectrochemical analy ith int increase in reproduci 

1 HARTLEY f technique can succesfully 

m Resul s obtained by this 


itivity was comparable with that 


lor the spectro hemical analysis of 


t he coppel oxide park technique 


the classical chemical methods 

amounts of the 

numerous small 

completely Ssince spectro 

been working out means to 

tly using metallic 

purpose by one of 

ethod is very useful 

whet ily a fe i! mount required: 10 mg 
The c pper-oxide meth mtrol th solution method 
and is preferable when a 100 mg m taken ; source can be used 
For tl purpose an experimenta f the copper-oxi spark technique is 
undertaken to complete the investigations of MiLtzourN and HARTLEY mentioned 
ibove. Furthermore, working cul lrawn for analysing minor constituents 


n copper and bronze 





Spectrochemical analysis of copper and bronze by the copper oxide spark te: hnique 


I. Experimental study of the copper oxide spark technique 


1. Spark source 
The source used was a Feussner Spark Unit (Heraeus) [9]. This low power generator does not 
produce very sensitive spectra; in most cases these cannot be employed when minor constituents 
are to be determined down to 0-01%. The power of the spark, i.e. the discharge power, when 
no losses occur, is equal to the power required to charge the capacitance C to a peak voltage V, 
When charging takes place at every half cycle of the A.C. supply of frequency F, the charge 
power is computed according to 

P=OV2F {10} 
The Heraeus Spark Unit (C 0-003 «x 10°* F; V, 17000 V; F 50 cycles) consequently 
has a maximum power equal to 0-040 KVA;; this is 5 to 20 times less than is usual in modern 
spark apparatus. The power of this spark unit, however, can be increased by adding capacitors. 
HOrert and Keck [11] found that the original capacitance value may be increased up to 
0-02 uF. In this case, however, the phase of the synchronous interruptor should be readjusted 
to keep the discharge in phase with the peak voltage. This can be-done by a method described 
by the authors. The Feussner generator which was at our disposal was transformed in this 
way providing a maximum capacitance of 0-02 uF. 
2. Preparation of the oxide samples 
Oxide samples, synthetic oxide mixtures as well as oxides of bronzes to analyse, were prepared 
by evaporating their solutions in diluted nitric acid and heating nitrates to oxides. We found 
that heating should be done at a definite and constant temperature which should be high enough 
to dehydrate all salts and decompose them into oxides, and so low as to prevent volatilization 
of any element. We found the optimum temperature to be 300° C; samples should be heated 
for at least one hour at this temperature. 


3. Shape of electrodes 

MILBOURN and HartLey found that the ejection of the oxide powder occurs too quickly when 
no inductance is applied in the oscillatory circuit [2]. They used a 0-08 mH inductance which 
caused the spark to produce a spectral density sensibly constant during a long time, when 
electrodes drilled to a cavity of 6 mm diameter and 6 mm depth are used. Using this inductance, 
however, we found a highly disruptive spark involving a too fast and irregular ejection of the 
powder, even when 6 x 6mm cavity electrodes are used. As will be shown further, a very 
regular and steady ejection is obtained when inductance is increased to 0-8 mH. In this way 
electrodes having a cavity of only 4-5 mm diameter and a 3 mm depth can be sparked for 2 min 
without becoming empty. Such electrodes contain about 60 mg CuO powder when entirely 
filled, i.e. 1/3-5 of the amount necessary to fill 6 x 6 mm cavity electrodes 


4. Sparking-off curves 

The sparking-off curves (density vs. spark time) show clearly that a 0-8 mH inductance is 
highly preferable to a 0-08 mH one. In Fig. 1 the density of a Cu line, 2882-96 A, is plotted as 
measured in the spectra of a 0-08 mH and 0-8 mH spark respectively, in each case using two 
different capacitances. In the case of a 0-08 mH spark, a rapidly decreasing density is found, 
due to the disruptive discharge involving rapid ejection of the powder. After one minute of 
sparking the electrodes are almost empty. When, however, a 0-8 mH spark is applied, a slow 
and approximately linear emission decrease is obtained; the light intensity after sparking for 
two minutes is about 4 of the initial value (density decrease is about 0-3). 

It is obvious that a 0-8 mH inductance will favourably influence the regularity and repro 
ducibility of the spark light intensity. Moreover, the spectra show less background than in the 
0-08 mH spark and are more arc-like with increased sensitivity, as a consequence of the oscillation 
damping by the high inductance. This too is a favourable condition in analysing minor con- 
stituents. 


5. Increasing the capacitance 
When the capacitance in the oscillatory circuit is increased, a higher current flows through the 
electrodes resulting in a brighter spectral emission and increased sensitivity. Keeping all other 
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nductance na ctrodea as dea 


M. van Doors 


several exposures of the copper-oxide spark were made using a 0-8 mH 
ribed above h the following capac itances 


0-0033 u rig il capacitance ofl Heraeus spark unit 


00-0066 
O-o LOO 
‘) O133 


00-0166 
In each OR U a diaphragm as shown in Fig. 2 was gradually moved before the slit, the 


30, 60 and 120 se« In this manner até pped apectra were obtained 


ICCERBIVE 8 


ee 


L=0-8mH 


) —_| C= 0.0086uF L=08mh 








of the density increase from a single exposure tesults are shown in 


62 (are line), 2356-63 and 2473-46 (spark 


Ni 3080-76) and the background at 3080 A. 


which allow ion 
Figs. 3, 4, 5 und 7. Densities of 3 Cu lines: 2441 
lines) are plotted, besides 4 minor constituent line 


f 





/ ‘ é 
j . 


) 


\ VY - 
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this investigation 
ght part of the H- & D-curve is considered, 
rhe slope of the curves is smaller than would 
This is in agreement with the sparking 


Theae were 
a) When or 


; ’ 
1O8 inea | 


densities increase in an 


log exposure time 
naity source had been used 

vie iat the actual emission brightness decreases slightly when exposure is 
continued. The rate of nsity increase further depends on the nature of the lines as is shown 
This effect should be taken into account in the choice of analysis line pairs 
the 3 Cu lines. It is obvious that the 


obtained 1 cor 


} } 


curves, wi show 


by the 3 Cu lines 
Fig. 8 shows the intensity ratios of the Fe line 
ine pair Fe 2488-15/Cu 2356-63 is the most suitable for analysis purposes, its ratio being in 


2458-15 va 


ire time 


b) As can be expected line densities increase rapidly when capacitors are added to the spark 


depe ndent of « xpos 


increases in a lesser degree, and as a consequence, sensitivity 


init The background nowever, 
of detection will be improved; e.g. from 0-0033 uF to 0-0133 uF density of Ni 3080-76 increases 


from 0-1 to 0-9 while the background at the same wavelength increases from 0-05 to 0-3 only 
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Spectrochemical analysis of copper and bronze by the copper oxide spark tex hnique 


In this way the density difference between the line and its background becomes greater causing 
improved sensitivity. 








- C= 0-0166 ut 
6 C= 0-0133 pF 


C= 0-01 pF 


> C= 00066 pF 


C= 0-0033 pf 








i = 
JO 60 120 sec 
log exposure ime ——» 





Fig. 3. Cu 2441-62 





C = 0.0166 pf 
C = 0.0133 pf - 





pt 


15 30 60 120 sec 
log exposure fimé —— 








Fig. 4. Cu 2356-63 


Density increase from added capacitance also depends upon line nature. Densities of tl 
three Cu lines mentioned are plotted versus log capacitance in Fig. 9. Exposure time is 60 se 
Various slopes of curves are obtained. The lowest slope is shown by the Cu arc line 2441-4 
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2473-46 shows the greatest slope; the third line 2356-63 whose 


i those of the two former lines shows an intermediate slope. This 


b log ¢ capacitance) 





= 0-0166 uf 


0.0133 pF 


= 0-01 pf 


= 0-0066 pf 


) C= 0.0033 pF 








posure Tt ——— = 


Cu 2473-46 





0g exposure time —= 


Fig. 6. Ni 3080-76 


where 6 is determined by the emission properties of the line varying between the extremes 

are line’? and “‘spark line’’. This factor 6 might perhaps be considered as a standard to 
characterise and identify line nature. 

This different increase should on the other hand also be considered to influence the choice 

of analysis line pairs. The intensity ratio of Co 2388-9/Cu 2356-63 which is plotted in Fig. 10 
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it SOBO 
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LU 2 S56-63 


+ 


Cu 2473-6 





J 
0-0066 001 00133 00166 
apacifonce — pf 


Fig. 9. (time 60 seconds 


shows no variation with exposure time when a capacitance smaller than 0-0066 uF is used. 
A greater capacitance is not suitable and other lines should be chosen when a higher capacitance 
spark appears preferable for other reasons 
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Il. Working curves for analysing copper and bronze 


Working curves are drawn for the determination of the following minor constituents 
up to 0-5 % : Sn, Pb, Sb, As, Fe, Co, Ni, Bi, Ag, Zn. These curves were determined on the 
one hand for copper (curves: @) and on the other hand for bronze alloys containing 
i pe moe — ; : ena 95% Cu with 5% Sn 
(curves ), and 90 % 
Cu with 10% Sn (cur- 


—<$——— 


ves ) respectively. 








The curves are shown 
in Figs. ll, 12, 13 
and 14. 


1. Standard mixtures 











. were prepared by dis- 
solving a definite 
Co 2388-9 


Fig ‘ unt < yure Cui 
Cy 2356.63 smount of pure Cu in 


hom 
1 er ure —— 


nitric acid and adding 

definite quantities of chemically analysed solutions containing nitrates of the 
different minor elements. Sb and Sn, however were added as oxide mixtures with 
CuO, which were previously prepared by dissolving pure Sn or Sb together with 
. eeiaiienimeiail Cu in nitric acid and heating 

the evaporated salts at 300°C. 
2. Spectrograph Exposures 
were made with a small quartz 
spectrograph (Zeiss Qu 18). 
Coincidences of spectrum lines 
are numerous owing to the 





small dispersion of this spec- 
trograph All working con- 
ditions described below, re 
ferring to spark data, elec- 
trodes, illuminationand choice 
of line pairs, are the most 
suitable when this spectro 
graph is used. A higher dis- 
persion apparatus would allow 
examination of many more 
spectrum lines involving a 
Fig. 11. Working curves better choice of line pairs and 
increased reproducibility as 
is explained above. The slit of the spectrograph was adjusted to 15; Illumination was 
homogeneous, using a three lens system with an intermediate not diaphragmed image. 
3. Spark Unit—The Feussner Spark Apparatus (Heraeus) was used in the following 
conditions 

Capacitance: 0-01 uF V,, Peak Voltage: 17500 V 

Inductance: 0-8 mH R, Primary Resistance: 44 Q. 

Voltage: 12000 V 





Spectrochemical analysis of copper and bronze by the copper oxide spark te hnique 


The phase of the synchronous interruptor was delayed by 45°. Exposures of 55 sec 
were made after presparking for 5 sec. 

4. Electrodes and electrod: clamp The electrodes were prepared from ‘“‘ National 
Graphite Spectroscopic Electrodes” as described above. The upper electrode is a 





conically shaped graphite rod (« 7 
120°) of the same diameter (6 mm). | 
which is spaced above the lower 


electrode for 2mm. The lower elec | | 
Ni 3050-8 


trode is only 6mm long, its cavity Cu 3073-82 
Sb 2528-54 ; 


depth being 3mm. These small elec 2 
Cu2s76-8 
a 





trodes can only be used in com 
bination with an improved electrode 
clamp shown in Fig. 15 


Very short electrodes can be _ f Ni Josy.32 — 
: Cu 3073-82 


held by it and they can rapidly be &§ 


exchanged by turning the lower 


knob, the whole remaining in the 
electrode stand. This new holder, 





moreover, is very practical because 








the central piece, i.e. the actual 005 a7 
clamp, can be replaced by other log relotive % —= 
ones, drilled to hold electrodes of 2 Working ee 
other diameters. 





5. Processing—Gevaert Scientia 49 B58 
backed plates were developed in 
metolhydroquinon developer at 20° C 
for 2-5 min. 

6. Measurements— After drying the 
plate, line densities were measured 
with a Zeiss ‘‘Schnellphotometer’”’. 
Log intensity ratios were calculated 








graphically from the calibration curve 
of the plate, which was obtained by 
the preliminary curve method [12] 
For this purpose an iron spark 











spectrum was recorded by means 
of a two step sector placed in front 
of the slit. No corrections for back- 
ground were made. 


0-05 
og relative 4 


Fig. 13. Working curves 


7. Discussion of working curves—Changing the Sn content of the bronze hardly 
affects the intensity ratios of the other elements vs. copper. The same working 
curves can thus be used to analyse the minor constituents containing 10% Sn as 
well as to analyse copper. The Sb 2528-54 line cannot be used when the Co content 
is higher than 0 1 % because of a Co-line coincidence. The same is true for Bi 3067-73 
when the Fe-content exceeds 0-1%. In this case Bi 2897-98 can be measured which 
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and bronze 


is. however. less sensitive. The lower limit of the working curves is at 0-01%. This 
is the actual limit of the determination of As and Sb. It would be possible to extend 
the working cur of th her elements. the lines of which are more sensitive 
down to 0-003 ven lower. In this case. however, corrections for background 


should be made it anv rate when lines above 2800 A are measured 
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Investigations concerning light sources for spectrum analysis * 


Ill. Electronically controlled, a.c. operated, a.c. interrupted are source 


A. Barpoécz 


Hungarian Academy of Sciences, Central Research Institute fo "nysics, e} er r Spectroscopy 


Budapest, Hungary 
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Summary—An electronically controlled a.c. operated a.c. interrupted are source is described. The 
are circuit is of conventional design. Igniting sparks are produced by the discharge of a condense 
previously charged to high voltage through a thyratron tube and the primary of the Tesla trans 
former. The thyratron grid is controlled by voltage pulses produced by a pulse generator 
By means of the multivibrator in the pulse generator the number of igniting pulses per unit of 
time can be varied within wide limits. Besides, the interrupted are source is especially suitable, 
in addition to normal working possibilities, for rotating or porous cup electrode solution analysis, 
since, by the adjustment of the arcing repetition rate, detrimental warming or boiling of the 
solution can be avoided 


Introduction 
There have already been described in the literature ({2], [3], [4], [5], [6], [7], [8]) 
some ways of producing electronically the high voltage and high frequency igniting 
currents of interrupted are sources introduced into practical spectroscopy by 
PFEILSTICKER [1]. In previous articles [9], [10], [11] the author has also described 
an a.c.-operated, electronically controlled, d.c. interrupted are source. The good 
results achieved by this instrument made the author consider its further develop 
ment, which has resulted in the a.c. interrupted are source which will be described 
The operating principle of the new instrument is the same as that of its predecessot 
namely that the conventional are circuit is directly connected to the a.c. mains 
without any further controlling element inserted. The high-frequency high-voltage 
currents which ignite the are by producing an igniting spark in the analytical gap 
are supplied by a Tesla transformer, to the primary of which there is a condenset 
connected in series. This circuit is closed by a thyratron tube. Owing to the con 
stant negative bias of the thyratron grid this circuit is normally open. If the con 
denser is charged and then discharged through the primary of the Tesla transformer 
by letting current flow through the thyratron tube, the secondary side of the 
Tesla transformer produces a high voltage spark by which the arc is ignited. The 
thyratron grid is controlled by means of a pulse generator, which produces positive 
voltage pulses larger than the negative bias of the thyratron grid, in consequence 
of which the tube fires. The frequency of the pulse generator can be varied within 
wide limits, being any selected subharmonic of the a.c. mains frequency. The 
are will burn, of course, only in that half period in which there is a high voltage 
spark ignition. The next ignition takes place only after an interval determined by 


* This paper forms part III of a series of articles, parts I and IIL being 
PartI. A. Barpdécz: Interrupted Arc Source for Spectrum Analysis *hvsice ungarica 
1952 1 247; Elektrotechnika 1951 44 174 (in Hungarian) 


Part II See references {9}, [10}, {ll 
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the frequency of the pulse generator. The difference between the foregoing inter 
rupted he present one is that the former apparatus could only 
produce ares of di iri while the present one produces ares of alternating 
polarity cl ve th ctrical circuit of the apparatus had to be essentially 
n 


The r dia m of the interrupted are source is illustrated in Figs. 1 and 3 


The 1 be divided into three parts 


itor circult 


ire shown in Fig. 1 and the third in Fig 


re gene! ited in 

itage and high 

are high frequency 
yetting into the mains 
gy these nh series or in 
in be ad 

e still higher 


} 


nected AacToss 


at will Asin 


ils Z2 and W 2 the appa 
ut and the ignitor circuit 
desired, e.g. for checking, 


ust be ope ned 


IGNITER CrR 


ve] he a.c. voltage, 

f about 2000 v through 

? are blocked 

ndensers Cl 

opening th . condensers 
ly condensers ( respectively 
neers discharg ih that and the 
frequency high ' re currents in the 
irrents is highly 

J and V2 the 

the voltage 

those of the Teala 

ch oscillating in 

C3 and Cd 
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ion to a single 

Sand C2 

ary of 


Lhe pulse 


for ?} , 


Nasing these tub rovided by the 
Fig. | ' ol eing divi l on resistors R7 and R&, the grid receives a nega 


f about 7 : “i in thro 16 grid leak resistors R3 and Rd 





Investigations concerning light sources for spectrum analysis. III. 


When the thyratron tubes are fired (by the arrival of an igniting pulse) by discharging 
condensers C1, C3 or C2 and C4, a current of the order of 100 amps flows through the tube. At 
such times the grid submerges in a plasma of high current density, taking a large amount of 
current as a sonde When the above condensers discharge, the large voltage pulse, due to the 
grid current falling on the grid leak resistors, is slowly discharged by the 0-001 uf condensers 
C10 and C11 respectively, which are between the grid and the cathode. Without these, at the 


moment of discharge, the grid current would cause a very large voltage drop on the grid leak 
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Electronically controlled a pe f interrupted arc source Wiring diagram. The 
upper thick drawn part is th c Ci t, the lower part is the ignitor circuit. 
magnet switch, Al carbon resistors, 0-05 MQ). 6 w 


make contacts Tesla transformer, primary: 10 turns on 


Am ammeter 110 mm diameter, wire diameter 1mm, 


f condensers, 0-015 uf, 2000/6000 ¥ secondary 290 turns on 80mm diameter. 
condensers, 0-1 uf, 1000/3000 v wire diameter | mm 


Puff, 250/750 v T 1 transformer, 220/2 x 1500 v, 200 vamp 


if 

C5, 

Cc condenser, 2 
4 


'9 condenser, 4 uf, 500/1500 y 2, 3 heating transformers, 220/6-3 v, max. 
C10, Il mica condensers, 0-001 uf, 2 amp, isolated to 5 kv 
4500 v 4,5 heating transformers, 220/2-5 


tuning condenser the present } amp 


the stray capacity » Tesla transf transformer, 220/2 x 300 v, max 


secondary ) 40mamp; 4Vv max. | amp 

arc gap additional resistor or short-circuiting fa- 
switch 

thyratron tubes GRG 250/3000 


rectifier, AZ 1 
high voltage rectifiers, V 22/7000 


automatic switches 10 amp 
6 switches 
filter choke, 0-35 mh, max 15 amp 
ohmic resistor, max. 11242, max. 15 amp ao oo oe oe signal lamps 


9 


carbon resistors, 0-1 MQ). 6w Z . 2 d.c. connections 


carbon resistors, U ] M({), US Ww xX remote control connection 


carbon resistors, 0-01 MQ. 0-25 w | oscilloscope connections 


carbon resistor, 0-015 MQ, 2w on 9 pulse generator connections 
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mtrolling pulse generator would be 
condensers C7], C3, C2 and Cd are 
nsert between the pulse generator and 


i0ode-follower stage of low output impe 


ase the are will be of direct polarity 

lesla transformer secondary. This 

either by pre y choosing the stray capacitance (number of turns 

secondary, o1 " of an additional condenser, is of great im 

sparks. In the present case the number of 

transiormer second n been determined experimentally so that no 
cdenser 18 necessary 

Fig. 1 during both half periods of the a.c. mains the condensers CJ, C3 

d up to the same polarity through rectifiers V 4 and V 5 Phere is nothing 

entioned condensers being charged with a. but d.c. charging has 

W her supplying d.« LCcCO! r to Fig. 1, the cathodes of thyratron 

earth potential, which enables the construction of the instrument and 

be simplified. If the two path method is not employed, the cathode of 

rh potential as com pared to earth Supposing 

1 With a. three phases, namely that of the a. 

condensers Cl, C3 and C2, C4 and the pulses of the 

ynised As the } of the latter can be easily conformed either 

charging voltage of condensers CJ], C3 and C2. C4. the only 

balanced is that between the a.c. mains voltage and the charging 

und U2, C4. Generally, the two latter voltages are not in phase 

is rather complicated to employ phase-shift In 

of the arcs within a single half pe riod of the 

condensers CJ, C3 and C2, C4 always 


ime the efficiency of the ignition being 


eliminates all these difficulties 


ontormed to that of the a.c. mains voltage 


ely r 


ilse generator 


(c) Putse GENERATOR CIRCUIT 
block ind the detailed wiring diagram of the pulse generator are shown in Figs. 2 
3 reapectively Accordingly, the pulse generator circuit consists of the following parts 
phase-shifter 
muiltivibrator 
pulse rectifier 
flip flop circuit 


output stage 


Fig. 2 includes the characteristic voltage waveforms at each stage 
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generator 


carbon resistor 
arbon resistor, 0-04 MQ) 
yrse contacts R arbon resistor, 0-04 MQ) 
yndenser, 0-017 ] 2 \ arbon resistor, 0-06 MQ) 
lenser, 0-02 carbon resistor, 0-5 M@) 
ondenser, 0-085 uf 7000/2 \ ; carbon resistor, 0-2 M{@) 
ndense f, 700/2100 y t2 carbon resistor, 0-06 M{) 
ondense 7 vit 1 potentiometer, 0-5 Mi) 
ondenser, . 00 y RSI carbon resistor, 0-8 MQ). 0-25 
condenser, f, 700/2100 5 t3Z arbon resistor, 0-015 MQ), 1 w 
9 mus é ! rs, GO0O0O005 uf, & 133 carbon resistors, 0-2 M(@) 
1500 v ; carbon resistor, 0-5 M{). 0-2 
10, il or . J ‘ td arbon resistor, 0-07 M{). 
12 ‘ lytic cor ! ‘ t 37 arbon resistor, 0-5 MQ), 0-2 
arbon resistor, 0-07 MQ). 2w 
D Ise, 2 3s i potentiometer, 0-005 MQ 
£8 iron core ilte ‘ K « } 4 wire resistors, 0-01 MQ), 12 
RI, arbon resistors b \ synchronizing transformer 2:1, secondary 
R 3-5 arbon resist f 
R6, 7 arbon resistors ‘ 2 mains transformer, primary 110, 120, 
R8&—12 carbon resistors, ' > 1 , 220 v, secondary 2 x 320 v, 60 mamp; 
R13 carbon resistors M(), v, lamp; 6-3 v, 3 amp 
Ri3a carbon resistor, ‘ R 5 ; twin choke, min. 2 x 10 h, max. 30 mamp 
Rld carbon resistor, 0-2 M{), 25 twin triode ECC 40 
R15 carbon resistor, 0-4 MQ), 0-2 twin diode 6AL5 
R16, 17 carbon resistors, 0-2 M{), 25 35 twin triodes 6J6 
R18 carbon resistor, 0-8 MQ), 0-25 full wave rectifier AZ 1 
R19—22 carbon resistors, 0-4 M{), 25 j signal lamp 
R23 carbon resistor, 0-6 MQ), 0-25 w 5, 6, 7, 8,9 connections to the circuit in Fig. 1 
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Fig. 4a Fig. 4b 
rig. 4a. Illustration of the operation of the interrupted arc source. The upper curves represent the 
voltage and the lower ones the current. The sine base wave of the upper curves is the voltage curve 
of the a.c. mains. (a) An arc in every half period. (b) Arcs in two subsequent half periods followed 
by a two-half-period interval. (c) Arcs in two subsequent half periods followed by a four period inter- 
val. (d) Arcs in two subsequent half periods followed by an eleven period interval. (e) Arcs in 
two subsequent half periods followed by a sixteen period interval. The voltage scale in all the 

pictures is 60-8 v/mm, the current scale is 0-46 amp/mm. 


Fig.4b. Illustration of the operation of the interrupted arc source. The upper curves represent the 

voltage, the lower ones the current. The since base wave of the upper curves is the voltage curve 

of the a.c. mains. (a) An arc in every other half period. (b) An arc in every fourth half period. 

(c) An are in every tenth half period; (d) An arc in every twenty-fourth half period; (e) An arc 

in every thirty-fourth half period. In all the pictures the voltage scale is 60-8 v/mm, the current 
scale is 0-46 amp/mrm 
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Investigations concerning light sources for spectrum analysis. III 


1. Phase-shifter 


In s.ectroscopic work the conditions of a.c. interrupted are sources are normally set so that the 
arc is ignited at the peak value of the a.c. voltage. As a rule, the phase of the igniting voltage 
pulse does not coincide with the peak value of the a.c. voltage. The phase shifter bridge enables 
the two phase settings to coincide. If it is required to reduce or prolong the duration of the ares, 
the phase-shifter can be used to satisfaction. If the frequency of the multivibrator is changed, 
the phase of the igniting voltage usually changes too. In such cases the phase is corrected by 
the phase-shifter. 


2. Multivibrator 


The voltage pulses required to control the grids of the thyratron tubes V7 and V2 in Fig. 1 
are produced by the multivibrator (Fig. 3 ‘he multivibrator circuit employed here differs 
from the conventional type in containing the centre-earthed inductance 73 in its cathode 
circuit. This modification is necessary because by synchronizing a conventional multivibrator, 
the negative voltage steps in its output are large in amplitude while the amplitude of the positive 
voltage steps required to fire the thyratron tube are 


small. By the change made here large positive voltage Table 1. Multivibrator frequencies/sec 





pulses can be obtajned, if the output 18 connec ted to Position of ewitch B 

the cathode of one of the multivibrator tubes. The Position of 

multivibrator is synchronized from the 50c/s mains a s l Il 

through transformer 7 / and the phase-shifter circuit 

a Frequency 
The synchronizing voltage is fed into the left 

hand valve cathode circuit of the multivibrator 

When synchronized, this circuit can produce pulses 

only at integral subharmonics of the mains frequency 

By proper adjustment of the grid circuit time con 

stants, the multivibrator operates at a desired fre 

quency. With the data of Fig. 3 the frequencies of 

the multivibrator are listed in Table 1. 


3. Pulse rectifier 

The signals coming from the multivibrator through 
coupling elements C45-R25 (Fig. 3) are rectified by 
diode V 2 cutting thus the negative of the two-direc 
tional pulse coming from the multivibrator 





4. Flip-flop circuit 

The flip-flop circuit plays the part of turning a single positive input pulse into two output 
pulses with a time interval of 10 msec between the latter. As the multivibrator is synchronized 
from the mains, the highest frequency it can work at is 50/sec. Thus without employing a flip- 
flop circuit, only 50 pulses/sec could be obtained according to the 100 half periods of the 50 c/s 
mains. At 50 pulses/sec an are could only be generated in every other half period of the a.c. 
mains. Such was the arrangement of the are source previously described [9], [10], [11], by 
which and the like only one-polarity arcs could be generated. The analytical practice of spectro- 
scopy often requires 100 arcs/sec, and alternating polarity arcs, too. By means of the flip-flop 
circuit it is possible to obtain 100 pulses/sec. The time interval between two subsequent out- 
put pulses of the flip-flop circuit is determined by the time constants of elements C7, R30 
and R31 in the wiring diagram (Fig. 3) and can be varied by the adjustment of potentiometer 
R30. Thus the required 10 msec time delay (phase change of 2) can be precisely adjusted. 
The flip-flop circuit is initiated by the positive pulse at point m in Fig. 3. 


5. Output stage 


The role of the output stage partly consists in turning the negative voltage pulses produced 
before into positive pulses to control the thyratron tubes of the ignitor circuit. On the other 
hand the output stage selects the flip-flop circuit from the thyratron circuit and prevents it 
from being affected by the latter. 
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The positive differentiated signals obtained at points p and q in Fig. 3 are clipped off by 
the grid circuit with resistances R33 and R34, acting as a diode clipper 


AY 


Mi 
irrent in are gal I of Fig ] 
with the ignitions being dom 
at various phase settings. Fre 
quency of th « pulse generator 
100) sex In all the pictures the 
upper curve means the voltage 
and the lower one the current 


In (b 


every half-period at 


There is an ignition in 
the yx ak 
value of the voltage. In (a) the 
ignition before the peak value 
of the voltage, in the ignition 
after the peak value of the volt 
age. Voltage scale 60-8 v/mn 
acale 


current 0-46 amp/mm 


Interval between two sult 


sequent ignitions: 0-01 sec 


The tubes marked V4 and V5 of the output stage operate 
at zero bias, with a relatively high plate load resistance. Thus 


their anode is at a very low positive potential as compared to 


the common earth point, because on load resistances R36 and 
R38 the voltage drop is very large due to the large plate current 
of the tubes. When at points p and g the tube is closed for the 
duration of the negative pulses acting on it, the plate current 


being zero, the output points rise suddenly to the positive 


supply voltage, giving a large positive voltage pulse 
£ 


Operation of the interrupted are source 

The operation of the interrupted arc source is illustrated 
by the oscillograms of Figs. 4a and 4b. The oscillo- 
grams represent the conditions in arc gap / of Fig. 1. 
The upper curve represents the voltage and the lower 
one the current flowing in are gap /. In all the oscillo- 
grams the sine base wave of the upper curves is the 
voltage curve of the 50 c/s a.c. mains. The oscillograms 
have been made by a Siemens fibre-oscillograph. 

ta shows the case where there is an 
In part (a) 


Part (a) of Fig 
are in every half period of the a.c. 
of Fig. 4b there is an are in every other half period, 


voltage. 


the are being of direct polarity. In part (b) of Fig. 4a 
there are arcs in two subsequent half periods followed 
In part (b) of Fig 4b there 
is an are (of direct polarity) in every fourth half period, 


by a oneperiod interval 


and so on 

In the oscillograms presented in Figs. 4a and 4b the 
ignition of the arc was always done near the peak 
the a. 


phase of the ignition it is easy to regulate the duration 


value of voltage. By properly choosing the 


of the arc within each half period. The oscillograms 


of Fig 


gives the conditions in are gap / of Fig. | 


5 show similar possibilities. This diagram also 


Layout of the apparatus 
Front view and side-view of the apparatus with its side 
panel removed are shown in Figs. 6 and 7 respectively. 
The layout of the apparatus has been partly deter 
mined by its internal arrangement, partly by the effort 
of making its base as small as possible. The dimensions 
Width 


used either 


are as follows 20cm, depth: 55 cm, height 
70 cm. It 


special trolley 


can be table-mounted or on a 


As its components have not been made 


especially for this purpose, using specially made components the dimensions of 
the apparatus can be reduced still further. Considering that an oscilloscope and 
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built-in current limiting resistances are also included, the dimensions of the 
apparatus can be regarded as fairly small. 


The internal arrangement of the are source is shown in Fig. 7, where the side panel is 
removed. The various parts are mounted on four levels. The highest level is oc upied by the 
pulse generator (Figs. 2 and 3) which must be far from the igniter circuit and the stray fields 
caused by the Tesla transformer. The igniting 
pulses are carried to the igniter circuit by shielded 
( ibles The second le vel from above is Oct upied 
by the oscilloscope, and the third by the Tesla 
transformer and the magnet switch (Fig. 1, 7 
1, Al and A2). The high voltage condensers 
of the igniter circuit (Fig. 1, C7, C3, C2, C4) 
occupy the two sides of the Tesla transforme 
The lowest level contains the elements of the 
igniter circuit. At the back of the two upper levels 
there are current limiting resistances (Fig. 1, FP) 

The front panel of the apparatus is shown 
in Fig. 6. At the top of the front panel the left 





6. Front panel of the interrupted are Fig. 7. Internal arrangément of the interrupted 


source 


hand control knob belongs to the phase shifting potentiometer Fig. 3, R39 The right-hand 
knob selects the frequency of the pulse generator (Fig. 3, A). Between these is a signal lamp 
and a changeover switch for the two different frequency ranges of the multivibrator (Fig. 3, B) 
From these downwards there are two switches, by which the ohmic resistance of the are circuit 
is adjusted. Between these switches there is a signal lamp. Under the above enumerated fou 
regulating elements is the screen of the oscilloscope, with eight regulating knobs around it. 
On the level of the Tesla transformer there is an ammeter surrounded by four signal lamps 
On the same level as the lower part of the ammeter there is a switch for controlling the magnet 
switch (Fig. 1, K 4), and the switch for one of the pulses of the multivibrator for selecting d.c. 
and a.c. ares (Fig.1, AJ). Under the ammeter there are two automatic switches, one for the 
are circuit (Fig. 1, K 3) and one for the ignitor circuit (Tig. 1, K 2). The lowest switch (Fig. 1, K 5) 
breaks the arc circuit, when for checking separate operation of the igniter circuit is required. 
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The apparat is can also he oper ited by remo ntrol connected to the back panel Fig m A 


bh 1 f components conventionally used in 


ree is ‘ 


Otherwise, the interrupted are sou 


electron instruments 


Thyratron tubes and igniting spark 


rhvyratron tubes V/7 and V 2 (Fig. 1) form an essentia part of the ipparatus Therefore they 
point 18 that i2 0-015 uf condenser which is charged to a voltage 


require special attention The 


of about 2000 v must often be discharged through the primary windings of the Tesla transformer 


and the thyratron tubes with a frequency of 50/se« The highest current intensity produced 


across the thyratron during the discharge is of an order of 100 amps, which means, though for a 


pes of tubes have been tested, whose tec hnical 


short time, & 8eTIOUS OVE rload tor the tule lwo ty 
lable 2. The capacity of condensers CJ and C2 of Fig. 1 being 0-015 uf, 


data are listed in 


Table 2 Data f y y ) lled thyratron tubes 





Heater Heater 


i 


amy 


O000 O000 16 
GRG 


9a SOO) 





at a charging voitage of 3000 v and i GRG4 type tube being employed, no fatigue could 


be observed on h hyratron tubes, though they were operated for several months The 


dimensions of the ) however, are too large as compared to the present arrangement, 


the GRG 250/3000 type thyratron tubes 


besides it is rather expens As a second varia 
have been tested 


In normal use it would take a relat y lol ! to obtain a definite idea concerning the 


lifetime of the thyratron tubes, therefore hey I ymitted to forced life tests. The testing 


conditions were those of Fig. 1. During the 


teats the apparatus was continuously operated 


for periods as long as 6—12 hrs a day, in the range of the highest igniting frequencies. Parallel 


teats with several tubes have shown that the average lifetime of a GRG 250/3000 type thyratron 
tube is 150-160 hrs under the operating conditions of the tests. These operating conditions, 
however, cannot be considered as normal rhe lifetime of the tubes under normal operating 


conditions is much longer Naturally, hydrogen thyratron tubes are the most suitable for our 


purpose 
rhe intensity of the igniting sparks produced by the igniter circuit is generally lower than 


that of the sparks produced by other higher performance instruments. However, by applying 
very good igniting sparks can be obtained 


a GRG4 type tube and an initial voltage of 3000 \ 
2000 v and by 


which are completely adequate The sparks produced by an initial voltage of 
the use of a GRG 250/3000 type tube are fainter due to the smaller amount of energy. When 
using cylindrical electrodes of 5mm diameter and adjusting the electrical values most 
favourably, the length of the igniting spark produced under present conditions is 15mm. The 
faintness of the igniting spark has the advantage of lea ing practi ally no traces in the spectrum, 
but in the case of longer arc gap distances igniting difficulties may arise In the case of a con 
ventional 2-3 mm are gap these difficulties can be practically eliminated by irradiating the 
gap with ultraviolet light or by using an ionizing needle (lla When working with graphite 
electrodes or graphite counter-electrodes there are no igniting difficulties. Here it must be 
taken into account that the GRG 250/3000 type vaive is the smallest as regards the output 
that can be used in this work at all. In interrupted are sources operating on the described 


principles, when the operating voltage is 2500-3000 v, hydrogen thyratron types must be used 
whose performance data lie between those of the two types given in Table 2. Owing to the 


lack of such types the GRG 250/3000 tube had to be used 
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The results achieved by long experimentation give no reason why—apart from rare excep- 
tions [6]—thyratron tubes have not as yet been used for the control of spectroscopic are 
sOUuUTCEeS 

Some remarks on the Tesla transformer employed may also be useful. The experiments 
have shown that on account of the relatively small igniting energy available. the Tesla trans 
former must be efficiently constructed. It has also been shown that the best efficiency of 
ignition is obtained with the primary windings lying all along the transformer. To obtain low 
losses the coils have been wound on ribbed cores. The placement of primary windings all along 
the transformer required special insulation, because applying wires of conventional insulation 
first corona discharge, later spark-over between the primary and the secondary coils could 
not be avoided. In the final arrangement the primary of the Tesla transformer has been made 
of 40000 v rubber insulated cable, and the secondary of enamelled and single silk insulated 
wire. Under such conditions the operation of the Tesla transformer is safe. The wire diameter 
of the Tesla transformer primary was determined by the 40000 v insulated cable availabk 


Gieneral remarks 

The interrupted are source has been used for one-and-a-half years, and has been 
employed for qualitative and quantitative analysis. Accounts of the analytical 
results achieved by it will be given in future papers. It can already be mentioned 
that the subjects of our investigations have been lead, steel, aluminium, magnesium, 
platinum, powders and ores, of high purity as well as alloyed. It is an especially 
important work of this Institute to analyse spectroscopically pure graphite, which 
is also done by this arc source 

Experience shows that by this arc source, substances such as lead with a low 
melting point can be conveniently excited. The excitation of these easily fusible 
substances can be done at an arbitrary current intensity, because by adjustment 
of the repetition rate of the arcs detrimental heating or occasional melting of the 
electrodes can be avoided. 

Analytical practice shows that the excitation of solutions often requires a com 
promise as regards the excitation conditions; i.e. that these cannot be set to satisfy 
every requirement, but only to avoid detrimental heating or boiling of the solution 


This compromise especially holds for up-to-date analytical methods, such as 


rotating electrode [12] or porous cup electrode [13] technique. 

Ayres and Bere [14] communicate that e.g. in using porous cup electrodes for 
the determination of palladium, platinum, iridium and rhodium they wanted to 
employ an a.c. arc in order to obtain higher sensitivity. This could not be carried 
out, as the solution started boiling before a spectrum was produced. ScRIBNER 
and BaLLINGER [15] give an account of similar difficulties concerning the analysis 
of bronzes by the porous cup electrode technique. To obtain higher sensitivity 
high energy spark discharges would be necessary. But using these the solution would 
boil again. GAMBRILL, GASSMANN and O’NeILt [12] found in determining the 
metal contents of oils by rotating electrodes that the spark gives sufficiently high 
sensitivity when analysing for lead, but excitation conditions must be chosen so 
that the oil sample should be moderately heated. In such cases the are source 
described here is the most suitable for the purpose. £.g. at sufficiently low igniting 
repetition rates the apparatus enables the solution in the porous cup electrode to 
be excited by a current of 150 amps without boiling. 

Spectroscopists often meet with the difficulty that if the electrodes warm up, 
the high voltage ignition ceases to be capable to control, because, in consequence 
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of the thermionic effect an arc is generated between the electrodes without ignition 
Experience shows, that the adjusting facilities described always provide an arcing 
repetition rate at which self-ignition does not occu 

Practical spectroscopy often requires inconveniently short exposure times, if 
it ic desired to avoid overexposure. In some cases this can be overcome by moving 
the light source further from the slit of the spectrograph. This method often cannot 
be employed, on the one hand for lack of space, and on the other because imaging 
of the source is used. The reduction of light by rotating discs is very inconvenient 
due to intermittent illumination and stroboscopic effects. Neither is the employ 
ment of filters the best suitable means for the reduction of light, because of their 
sclective properties. In addition, these methods of light reduction require special 
means. By the interrupted are source described the exposure time is adjustable 
without any further means, simply by adjusting the repetition rate of arcing or 


the phase setting 
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design and electroni experiments and to F. Manocz for ec operation in the electronic 


experiments and for excellent work in building the apparatus. The author has been 
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Z. SIBALSZKY in preparing the oscillograms. He takes this opportunity to thank 
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Dosages des faibles quantités d’un élément dans une poudre sans l’aide 


d’echantillons standards 


J. Giturs et J. Eecxkunovut 


Summary A new method of calibration for estimating an element in a powder sample without 
synthetic standard samples ; allowance is made for the possible effect of the state of combination 
of the element on relative line intensities, which might interfere with extrapolation from 
simple addition standards. The method has been tried on a s ample of graphite from nodular 
cast iron, to estimate the Mg content ind has led to the determination of a working curve 
for the estimation Mg in graphite in the range 0-1 to 1 


Introduction 

L’introduction de faibles quantites de magnesium dans les fontes est un des derniers 
procédés qui ont ete trouves pour améliorer les proprietes mecaniques de ces der 
nieres 

L’incorporation du magnésium, qui a lieu par un traitement spécial lors de la 
coulée, change completement la structure du graphite dans les fontes. 

Cette structure, lamellaire dans les fontes ordinaires, devient globulaire ou 
sphérolitique apres traitement au magnésium 

La conséquence la plus heureuse est une augmentation tres importante de la 
résistance mécanique, qui augmente de 25 kg a environ 75 kg/mm*. En méme temps 
le métal acquiert une certaine déformabilité a froid que ne possédent pas les fontes 
non traitees 

L’étude des fontes traitées au magnesium a pose deux problemes analytiques 
importants l. Le dosage rapide et precis du Meg dans les fontes: 2. Le dosage du 
Mg dans le graphite provenant des fontes traitées De Sy | qul i étudié la question 
des tontes nodulaires, a suppose que la plus grande partie du Mg résidue] se trouve 
dans le graphite. Le dosage du Mg dans ce graphite était un facteur trés important 


pou! cette étude 


Dosage spectrographique d’un élément dans une poudre, 
sans l’aide d’échantillons standards 

Pour le dos ive du Mg dans le or iphite nous ne disposions que l’un seul échan 
tillon, de composition inconnue 

Le probleme a résoudre ét double: 1. Détermination de la teneur en Mg 
dans |’échantillon inconnu, 2. Construction de la courbe de dosage pour le Mg 
a parti! de cet échantillon 

Le dosage du Mg par analyse chimique ne pouvait étre recommandé pour 
plusieurs raisons: d'une part, il fallait tenir compte du fait que la quantité de 
graphite disponible était trop petite pour permettre une analyse exacte, tenant 
compte de la concentration probablement assez faible du Mg dans le graphite 


1 


D’autre part, la mise en solution complete du Mg exige la destruction du graphite 
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par fusion au peroxide. I] faut en effet tenir compte du fait que le Mg peut étre 
présent sous forme de composés enrobés dans les nodules de graphite, et n’entrant 
pas en solution par simple traitement acide. 

L’analyse spectrographique directe était également impossible. L’emploi de mé- 
langes synthétiques pour |’élaboration des courbes de dosage ne pouvait étre accepté, 
la combinaison chimique sous laquelle le Mg est présent dans le graphite étant 
inconnue, et celle-ci pouvant avoir une influence importante sur les intensités 
relatives des raies mesurées. Une méthode spéciale devait étre appliquée. 


A. METHODES CONNUES 
Deux méthodes ont été décrites pour le dosage d’un élément donné dans un échantillon inconnu, 
dans le cas spécial ot les échantillons étalons nécessaires pour dresser la courbe de dosage ne 
sont pas disponibles. L’une a été étudiée en détail par GATTERER [2], dans le but de déterminer 
les plus petites teneurs d’un élément se- 
, condaire dans une matiére pour laquelle 
Y élément de base ne peut étre obtenu en 
purete sulfisante pour permettre la prepara- 
tion des échantillons standards. L’autre a 
été décrite dans le «Spectrographer’s News 
Letter» [3], pour le dosage d’un élément 
dans une poudre, et est plus directement 
applicable au cas qui nous intéresse. Les 
deux méthodes procédent par addition, a 
l’échantillon a analyser, de quantités con- 
nues de l’élément A doser 
L applic ation de ces méthodes ne pour- 
rait se justilier dans notre cas 
1. Les méthodes admettent un rapport 
linéaire entre l’intensité relative et la con 
centration de |’élément A doser. Général 
ment, ce rapport nest pas linéaire, ce 
dernier existant piutot entre les logarithmes 
3 teneurs de l’élément cherché deviennent 
moyen d’échantillons a teneur connue en 
proposce dans l'une des méthodes [3], n’est 


appucadi aans ie cas des 


2. Dans le cas d'une poudre a omposition inconnue, U taut ten compte du fait que léle 
& doser peut étre présent dan quantité ajoutée sous une forme chimique différente 
le celle sous laquelle il est present ns l’échantillon a analyser. L’influence de la différence 
» com binaison chimique sur ies int sites re itives des rales mesurées peut étre non négligeable 
methode de WVATTERER l te etudiece pou! des solutions, ne tient pas compte de cette 
eventuele, L’autr iethode qui propose dajouter les quantites connues s0us 

lormes, @Xlg n ju différentes droites ainsi obtenues se coupent dans un 


1uift 


1 conditior ie cette influence soit négligeable 


LITLS! 


B. NOUVELLE METHODE 
Dans |’exposé qui suit nous avons décrit une méthode, permettant de déterminer, 
avec une precision plus grande que ce n etait le cas jusqu ici, la concentration d’un 
élément A une matiere en poudre, sans l’aide d’échantillons standards. 
La méthode est basée sur les considérations suivantes 4 Moyennant les spectres 
obtenus avec plusieurs dilutions de |’échantillon a analyser, contenant |’élément 


& doser invariablement sous la méme forme, la pente de la courbe d’étalonnage peut 


étre déterminée avec précision. En effet, sur l’échelle logarithmique des concen 


410 





Dosages des faibles quantités d’un élément dans une poudre sans l’aide d’echantillons standards 


trations, les distances des différents points sont déterminées exclusivement par le 
facteur de dilution. 2. La détermination de l’intensité relative des raies mesurées 
dans le spectre obtenu aprés addition, a |’échantillon a teneur x%, d’une quantité 
connue z, z’,...2'’% de l’élément a doser, permet de calculer la valeur de la teneur 
inconnue Zz, 

En effet, si la forme de combinaison chimique n’a aucune influence sur les inten- 
sités relatives des raies mesurées, et si nous mesurons des raies de densité convenable, 
évitant d’une part des raies trop faibles, ayant une densité située dans la partie 
sous-exposée de la courbe de noircissement, d’autre part des raies trop denses, 
pour lesquelles l’absorption n’est pas négligeable, le point d’intersection de la courbe 
de dosage prolongée avec l’horizontale 4 jog Z Tn 
menée par la valeur trouvée de l’inten- | . 
sité relative des raies mesurées pour un 
échantillon a teneur (x + z)% donne la 
valeur numérique du log (z+ z). On 


) 


a alors (voir Fig. 2) 


log (a +- z) log.x+a =) 


(1) 


Pour qu’on puisse extrapoler linéaire 
ment avec une approximation suffi 
sante, la quantité ajoutée z ne sera pas 





trop grande, de l’ordre de la teneur 


inconnue 2x. 

La forme de combinaison chimique pouvant avoir une influence considérable 
sur les intensités des raies mesurées, et trés souvent ne pouvant étre la méme dans 
la quantité ajoutée z et dans |’échantillon original, la pente de la droite XZ a partir 
du point X n’est pas connue avec précision, et la valeur de log (x + z) est mal 
déterminée. Nous pouvons cependant admettre que cette influence diminue lorsque 
nous diminuons graduellement la quantité ajoutée z par rapport a la concentration x 
de |’échantillon a analyser. Nous obtiendrons ainsi une série de points sur une droite 
passant par le point X. 

Si § est alors l’angle que forme la droite XZ avec l’axe des ordonnées, A et B 
augmentation du log de l’intensité relative des raies mesurées pour deux mélanges 
& teneur respectivement (x + z)% et (x + 2’)%, par rapport au log de l’intensité 
relative des mémes raies pour l|’échantillon 4 teneur x%, nous, pouvons écrire: 

log (x 2 — (2) 
log (x +2 B. (3) 
Nous obtenons deux équations a deux inconnues, x et §, permettant la détermination 
de la valeur cherchée x. 
Eliminant l’inconnue #, nous obtenons la relation suivante: 





Pour résoudre cette équation, nous pouvons calculer la valeur du premier membre, 
pour des valeurs données de z et z’, en fonction de l’inconnue x. Portant ces valeurs 
en ordonnées en fonction de log x, nous obtenons une courbe qui permet la déte1 
mination directe de en fonction de rapport BIA, correspondant a des valeurs 
données de z et La teneur cherchée x est en effet donnée par le point d’inter 

cette courbe avec l‘horizontale passant par l’ordonnée B/A 

L’inclinaison de la droite X Z, dépendant de |’influence de la forme de combinaison 
himique de |l’élément a doser sur les intensités relatives des raies mesurées, étant 
une des variables dan la méthode proposee, on comprend que cette derniére 


tient etl ivement on te } » influence éventuelle 


derniere est nulle 

droite de dosage peut étre prolongée a 
partir du point X, le calcul de 2 moyennant 
1eq 4 ou chacune des eq. (2) et (3) 
identiques a | conduira a la méme 
valeur. Si au contraire, linfluence citée 
n est pas ne gligeable, la pente de la courbe 
de dosage sera plus faible ou plus élevée 
d ipres que | intensits relative est diminués 
ou augment Dans ce cas applic 1t10Nn 
des relations (2) ou (3) pour chaque point 
obtenu conduira a des valeurs respective 
ment us grandes ou plus faibles que 

celle « iiculee movyennant léq +). 

Théoriquement éq 4 donnera 

ileur exacte de x a condition que les 
points donnant les valeurs des intensités 
relatives corre spond int aux concentra 
4 » eT >) ve sont 
situés sur une méme droite. En pratique, 
il faudra tenir compte des déviations su 
les mesures. Sous ce! ipport il est intéres 


sant de remarquer les points suivants 


onnées ce et erreur sur la quantité cherchée x sera 
quelle le rapport B/A peut étre déterminé. Pour une 
sur la détermination de l’intensité relative, l’erreur 
dépendra de 1 \ ileur ibsolue de B et de { et sera ad autant ylus 
| 
e que ces dernieres sont plus grandes \ins) i quantite ajoutee ne sera pas 
| | | 
iférieure a x, de préférence plus grande 


2. On montre facilement que pour une déviation moyenne donnée m, l’erreuw 


vutant plus petite que la \ ileur absolue du rapport B/A sera plus grande 


ia qu intite ne sera pas interieure a Zz, Malis piutot eg ile a 3z ou 42 


ms reproduit les courbes donnant la valeur du 1 upport B/A 


yur 2 séries de valeurs et 2’. montre clairement l’influence de 





Dosages des faibles q lantites dul 


3. Les meilleurs résultats seront obtenus en choisissant les quantités ajoutées 
z et 2’ respectivement: z la2az: 2’ 3a 4z. 

Dans certains cas, lorsque la teneur totale de |’élément cherché dans |’échantillon 
ainsi obtenu devient trop grande, ceci pourrait conduire 4 des phénoménes d’ab 
sorption. Pour éviter ces derniers il sera nécessaire de diluer |’échantillon inconnu 
d’un facteur n, et d’employer pour les mesures les nouveaux échantillons A teneut 
a/n%, (x/n 2)% et (ax/n 2’) % Nous en déduirons la valeur x/n, ce qui per 
mettra de trouver z. 

4. Puisque l’erreur sur le rapport B/A détermine l’erreur sur la valeur de 
l’inconnue 2, il est de toute importance que les valeurs A et B soient déterminées avec 
la plus grande précision possible. Aussi, dans l’application de cette méthode, les 
valeurs de A et de B seront des valeurs moyennes de plusieurs déterminations 


> 


5. Il sera souhaitable d’employer au moins 3 échantillons 4 quantité ajoutée 
choisissant pour cette derniére les valeurs z, 2z et 4z. Chaque combinaison de 2 points 
donnera une valeur de x, ce qui permettra de calculer une valeur moyenne, réduisant 
ainsi l’influence de l’erreur sur la détermination des valeurs A et B. D’autre part 
les valeurs différentes ainsi trouvées pourront indiquer, dans certains cas, s’il y 
a absorption pour les échantillons a teneur plus élevée. 

6. Si la valeur trouvée pour z est telle que les quantités ajoutées ne correspondent 
pas aux conditions citées ci-dessus, il sera souhaitable de reprendre la détermination 
avec des nouveaux échantillons a valeur de z appropriée a la premiére valeur trouvée 
de 2x. 

7 Remarquons que influence du facteur «composition chimique > he sera pas 
toujours telle que nous obtenons une droite. Il y aura certainement des cas oi 
nous obtiendrons une courbe tangente a la droite de dosage au point X 

L’application de la relation (4) conduit alors a des valeurs erronées, du fait que 
nous assimilons 4 une droite la partie de la courbe entre 2 points successifs. Dans 
ce cas, les valeurs successives trouvées, moyennant les points (x + z) et (2 + 2’ 


(7+ 2) et (7 + Zz ), (4% +2) et (2 > ), augmenteront ou diminueront réguliere 


ment. Aussi, la valeur cherchée ne sera pas la moyenne des différents résultats 


trouvés, mais sera plutét voisine de la valeur obtenue moyennant les 2 points se 
rapprochant le plus du point X. Une valeur plus exacte est obtenue dans ce cas en 
moyennant cette derniére valeur avec celle obtenue au moyen de l’eq. (1) et le point 
correspondant a la teneur (x z). 

8. De toute facon il sera toujours souhaitable de controler le résultat obtenu 
en comparant |’échantillon inconnu a un échantillon a teneur correspondante a la 
valeur trouvée. 


Partie expérimentale. Dosage du Mg dans le graphite 
Nous avons appliqué la méthode décrite au dosage du Mg dans un échantillon de 
graphite provenant d’une fonte traitée au Mg. 

Dans ce but nous avons préparé d’une part 3 dilutions, respectivement a teneur 
327/4%, 2/2%, et 2/4%, en ajoutant une quantité déterminée de graphite pur. 
D’autre part nous avons préparé des mélanges en ajoutant a |’échantillon a teneur 
32/4% une quantité connue de Mg, sous forme d’un mélange d’oxyde de Mg et de 
graphite pur. 





L’étincelle a ete employée comme source d emission. Les conditions opératoires, 


avant donné les meilleurs résultats, sont résumées ci-dessous 


Spectrograph Hilaer 


Largeu! 
5mm, pl ine: le mélange A 


Electrodes 
med une SUSpt nsion dans l’aleool : 


super 


Distance entre lk elect 
Me lange 50 parties de gr ip! ite (CuO est ajoute en méme temps 

comme diluant et comme étalon int 

Excitatior ene! Feussne 8000 1 

3 000 


Optiqus Lentill lentille du collimateur: 
diaphragme de 28 mm 

Temps d’expositior 

Plaque photog iphique 


Développement Tl 
de Zeiss: fente de 0.70 mn Déter 


Mesure des intensi 
ons photomeétriques et la courbe de 


mination des inten 
calibrage de la plaqu 


Rais S mesurees 


Les résultats obtenus pour les différents mélanges employés ont été résumés 


dans le tableau 1 ci-dessous 








Les valeurs des Nos. 1 a 4 sont les résultats moyens de 4 mesures. Pour les 


Nos 5 a 7 nous avons pris 9 spectrogrammes dont le résultat moven a été indiqué. 
. 1 


La déviation moyenne pour une seule mesure étant de 0,017 en valeurs log/, /J,, 
5a 7 est de l’ordre 


il s’en suit que la déviation moyenne de chaque valeur des Nos 


de 0,017/|9 0.006 
Le calcul de la valeur de x moyennant 
avec le mélange 2 et chacun des mélanges 5 a 7, pour les 3 paires de raies mesurées, 


la relation (1) et les résultats obtenus 


donne les résultats suivants 
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Dosages des faibles quantités d’un élément dans une poudre sans l'aide d’echantillons standards 


Raies Mg 2790,83/Cu 2824,37 : mélange 5 : 0,139 %, 
mélange 6 : 0,127 %. 
Raies Mg 2802,71/Cu 2824,37 : mélange 5 : 0,239 %, 
mélange 6 : 0,249 %. 
Raies Mg 2852,12/Cu 2824,37 : mélange 5: 0,186 %, 
mélange 6:0,181%. 


mélange 7: 0,177 %. 


On peut constater que la raie Mg 2852,12 donne les valeurs les plus correspon- 
dantes pour les trois mélanges. Pour cette raie la courbe de dosage se prolonge sen- 
siblement en ligne droite a partir du point X. Pour les 2 autres raies mesurées, les 
valeurs trouvées pour les deux mélanges employés sont légérement plus divergentes 
et, en outre, ces valeurs ne correspondent pas a celles trouvées au moyen de la raie 
Mg 2852,12 


Appliquant 1l’éq. (4) et posant 32/4 = 2’, nous obtenons: 


Me 2790,83 
0,463 
0,312 


d’ot 


0,1 40), d’ou 


0.50): 


1.480 


0,410 


0,296 


0.140, d’ot a 0.187 


Nous remarquons que les valeurs trouvées pour les différentes raies correspondent 
entr’elles. Comme valeur moyenne nous trouvons 0,183 %. 

Nous croyons que dans le cas présent |’influence die a la forme de combinaison 
chimique est peu prononcée, sinon négligeable. Les déviations trouvées pour les 
raies Mg 2790,83 et Mg 2802,71 en appliquant la relation (1) sont probablement 
dies A une déviation de la droite de dosage, se rapportant aux valeurs des densités 
mesurées, qui se placent respectivement a |’extrémité inférieure et a l’extrémité 
supérieure de la courbe de HURTER et DRIFFIELD. 

La valeur trouvée a été vérifiée par l’expérience suivante: Deux mélanges a et b, 


le premier étant l’echantillon a teneur 2%, le second composé de 50% du mélange a 


415 





Dosages des faibles quantités d’un élément dans 


et de 50% d’un mélange synthétique a 0.183% de Mg. ont ete spectrographiés. 
Les résultats obtenus pour deux répétitions avec chaque mélange sont résumés 


dans le Tableau 2 





O.610 


0.604 


O.610 





La concordance entre les résultats obtenus montre que la composition de ces 


dgdeux melanges est concordante également 


Courbe de dosage 
La Vaieul 7 0 183 détermine la position ce la courbe de dosage qul peut 
étre dressée movennant les valeurs du Tableau | ci-dessus 
La méthode permet le dosage du Mg dans k graphite provenant d'une fonte 
traitée au Mg, entre les limites des concentrations de 0.05% a 1.0 


Les meilleurs résultats sont obtenus au moven de la raie Mg 2852.12 A. Une 


oincidence avec une raie faible de fer, Fe 2851.80 A est sans influence. tant que 


. raie Fe If 2851,56 et la raie Fe 1 2813,29 sont absentes 


Résumé 





Spectrochimica Acta, 1953, 5, pp. 417 to 421. Pergamon Press Ltd., London 


L’effet carbone dans l’analyse spectrographique des matériaux réfractaires 


RAYMOND RICARD 
de Lyor 


yer 1952) 


Summary— The ct of adding graphite to mixtures of refractory powders volatilised in the 
crater of a carbon : has been studied for various proportions of graphite; in general] the lines 
of the less volatile elements Al, Mg, Si and Ti are am plified This may be due to the reduction 
of the refractory oxides by the graphite, and also to the inhibition by the graphite of globule 


formation in the crater, resulting in more rapid volatilisation of the powder. 


De nombreux auteurs ont signalé |’influence exercée par le graphite en poudre ajouté 
& des produits réfractaires divers [1 Lorsqu’on introduit un tel mélange dans un 
ire & courant continu entre électrodes de graphite, on observe une augmentation 
d’intensité des raies de certains éléments. Bien que la variation d’intensité observée 
soit tres importante, il ne semble pas que cet effet du graphite ait fait objet d’ob 
servations systematiques cependant l’addition de graphite en poudre aux materiaux 


réfractaires est tres souvent preconisee 


Mode opératoire 


On a utilisé trois mélanges primaires, A, B, C, formés respectivement d’un émail, 
d’alumine pure, d’alumine pure et d’oxyde de titane, auxquels on ajouté du cat 
bonate de culvre Tableau | 
A | aide de ( h icun de ces mélanges ona prepare une serie de nouveaux mélanges 
formés d’un méme poids de A, B ou C et d’un poids variable de graphite. 
Mélanges Al a A&S contenant 200 mg de 


Tableau ) silion des trois melanges 
\ et 100. 200. 3800. 400. 600. 800. 1200 et . 


res 





1600 mg de graphite pur en poudre 
Mélanges B1 aB5 formés de B, 200mg 


et de 100. 200, 400, 800 et 1200 mg de 
2000 


400 
Mélanges ('] a (5. tormes de { 2O0 mg 4 | iil ' 2000 


graphite pul 


et de 100, 200, 400, 800 et 1200 mg de gra rbol 1@ CUlVI 400) 
4000 
LOOO 


phite pur 


Pour chacun de ces mélanges, avec ou 01 le culy ROO 





“ans graphite, on a enregistré le spectre 
d’are entre électrodes de graphite, en placant la substance dans un creux de |’élec 
trode inférieure Les conditions d’excitation ont > maintenues aussi constantes 


que possible 
(ppareillage 


lé pour 3000 


Klectrodes de graph 
Plaques Spectrog 





Traitement: Révélateur métol-hydroquinone; 3 min a 18—20°; lavage A l'eau, puis fixateur 
hyposulfite ac ide 
Photometrve Photométre visuel On a déterminé soit lea densités optiques des raies, soit les 
différences d’efficience 
Produits: L’émail 30 contient SiO,, Ti0,, Al,O,, Mg h,O,, Na,O, CaO, et un peu de fluor 
ntroduit sous forme de Cal . 
A1,0,, pure de Merck; oxyde de titane, TiO,, pur, contrélés par analyse spectro 

graphique 

Poudre de graphite obtenue A partir des électrodes ¢ Specpure: 

Carbonate de cuivre, obtenu par precipitation d’une solution concentrée de nitrate de cuivre 


irbonate de soude R.P. Le précipité est et séché. Il n’est pas hygroscopique et 


nge trés facilement aux diverses poudres utilisées 


Raies 


Mélanges A 
Les densités optique S ce 7 raies mesurées sur les spectres des 5 mélanges A, A2 
14, A6 et A8, sont représentées dans les courbes des Fig. 1 et 2 lesquelles montrent 
trés nettement |’influence du graphite. On a porté les densités optiques en ordonnées 
} 


les poids de graphite ajouté en abscisses 


et 


Ls s de ux rales de | aluminium evoliuent pal illelement: tres faibles dans le spectre 


de |’émail pur elles sont trés intenses dans les spectres des mélanges A4, A6 et A8 
Au contraire la raie de |l’antim te sensiblement constante: la raie du cuivre 
marque légere diminutior Les trois raies du magnésium, du titane et du 
nN assez nblable: elles subissent une augmentation d’inten 
les raies de l'aluminium. L’aspect du 
ndément modifié par addition de graphite. Par exemple, la 
vre 2618 i. plus in l’émail pur est au contraire la plus faible 
idiées dans le spectre d elle est cependant encore trés intense. I! 
vddit quantité de graphite provoque finalement 
es densités dans le spectre de A8& sont 

1 celles du spectre de A6 
d'un élément évoluent de la méme 
wit bien d'un renforcement général du spectre d’émission de |'élément 
Pour preciser | evolution des raies des divers éléments on a également enregistré 
ies sper tres des meianges \ 1laAB8 ivec le secteur a échelons Sur ces divers 
spectres, on a déterminé les différences d'efficience 4e, en prenant comme raie de 
comparaison Cu 2618 (01 connu par la suite que cette raie est un peu moins 
stable » qn u: , |e mesurées sont reproduits dans les courbes 
des Fig. 3 4 montrent | évolution d liverses rales en fonction des poids de gra 


phite ajo ire les résultats ci-dessu Il semble que les 





L’effet carbone dans l’analyse spectrographique des matériaux réfractaires 


courbes présentent un changement brusque de pente pour les mélanges 3 et 4; 


en particulier pour les raies Si 2631 et Ti 2956; toutefois les mesures ne sont pas 


assez précises pour l’affirmer. Pour les mélanges plus riches en graphite (A5 a A§8), 
il se produit une véritable saturation de |’effet observé. 





f 


























"as de graphile 





Der 


nsites opt 


ques des raies Cu 2618, Al 25 
41 2568, en fonct 


v4 
ion 


des poids de graphite 











Mélanges B et C€ 
> 


Les spectres des mélanges > enre 


gistres avec secteur ont servi a étudier |’évolution 
des raies de |’aluminium lorsqu’on ajoute a |’alumine pure des quantités croissantes 
de graphite. Il est clair qu'une trace d’alumine presente dans I graphite ajouté ne 
peut expliquer l’effet observé qui est bien da a une action spécifique du carbone. 
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R. Ricarp 


Pour les 4 raies mesurées, Al 2568, Al 2575, Al 2652, et Al 2660, comparées a 
Cu 2824, les variations observées sont identiques: renforcement considérable sans 
tendance a la saturation (courbes 1, 2, Fig. 5). 

Avec les mélanges C on a étudié l’influence d’un élément ajouté; on a choisi 
riO, qui est fréquemment ajouté aux émaux en proportion élevée (jusqu’a 18 %). 
Les spectres ont été enregistrés dans les mémes conditions que pour les mélanges B 
et on a étudié |’évolution des mémes raies de |’aluminium. 

On voit que l’influence de |’oxyde de titane est considérable en |l’absence de 
graphite; la variation de 4¢ est sensiblement la méme pour les 4 raies mesurées 
soit 0,70, 0,66, 0,73 et 0,66; ces nombres sont pratiquement égaux, aux erreurs 


d’expériences pres (il faut remarquer que ce sont des différences secondes'!). 





7 L’addition de graphite atténue lin 


fluence de TiO, qui est pratiquement 
———=+ ‘annulée pour les mélanges C4 et C5. Les 
courbes 1’ et 2’ de Fig. 5 montrent nette 
ment |’évolution des raies de |l’aluminium 
en presence de TiO, on voit que pour 
les mélanges C4 et C5 d’une part, B4 et 
B5 d’autre part, les intensités relatives 
des raies Al par rapport a la raie Cu 2824 
sont pratiquement égales l’addition 
d’une quantite suffisante de graphite a 
done pour effet d’atténuer et méme 
d’annuler | influence cependant considé1 
able de l‘oxyde le titane. 


Essai d’explication 





Le renforcement considérable de la plu 
part des raies peut étre expliqué par un 
effet physique auquel s’ajoute trés pro 
bablement une action chimique du gra 
phite 
En effet lorsqu on excite l’ar« ipres avoir place dans le creux de la cathode 
‘émail pur, on observe la formation d’un globule d’émail fondu qui se vaporise 


lentement a une température relativement basse, soit 7',, qui dépend essentielle 
ment de la composition de l’émail 1] y aun phénomeéne trés net de caléfaction 
1 paroi interne du petit creuset dans lequel se trouve le globule peut donc étre 
portée 4 une température sensiblement supérieure a 7',. L’addition d’un produit 
a l’émail entraine une variation plus ou moins importante de 7',, ce qui entraine 
un changement de composition des vapeurs émises par le globule, donc une variation 
des intensités relatives des raies des divers éléments 

L’addition d’une quantité suffisante de graphite empéche la formation d’un 
globule; l’émail mélangé de graphite fond et se vaporise 4 une température T, 
beaucoup plus élevée que 7’,. En raison de la conductibilité thermique du graphite, 
T; dépend surtout de la temperature des parois internes du creuset, done du regime 
de fonctionnement de l’ar« la com position de |’échantillon ou ses variations ont 


alors une influence moindre 





ctrographique de lateriaux re 


T, étant supérieur a 7’, la volatilisation de |’émail est plus rapide, d’ot résulte 
une augmentation de la concentration dans l’arc des atomes correspondants & un 
oxyde peu volatil comme AI,O, ou TiQ,; l’effet est nul pour un oxyde trés volatil 
tel que Sb,0,. 

Mais |’action chimique du graphite doit étre prise en considération ; il y a réduction 
de oxydes réfractaires par le carbone; le métal formé est volatil, d’oti augmentation 
importante du nombre des atomes de métal dans l’are. Cet effet chimique est vrai 
semblablement prépondérant lorsque le poids de graphite ajouté est faible, par 
exemple mélanges Al et A2. 

LOUNAMAA [2] a observé l|’effet inverse en ajoutant du graphite 4 WO, volatil, 
le métal formé W est en effet beaucoup moins volatil; il observe une simplification 
du spectre du tungstene. 

Les oxydes volatils ou facilement dissociables, tels que Sb,O, ou CuO ne sont 
pas affectés par l'une ou l'autre de ces actions; | intensité des raies correspondantes 
reste sensiblement constante. 


Conclusions 

|. L’effet de l’addition de graphite sur le spectre d’émission de divers produits 
réfractaires (émail, alumine, mélange alumine et oxyde de titane) a été étudié d’une 
facon systématique. On a constaté un renforcement trés important des raies de 
aluminium, un renforcement moindre des raies du titane, du magnésium, du silicium; 
les raies du cuivre et de l’antimoine gardent au contraire une intensité sensiblement 
constante. 

2. L’étude des spectres des mélanges alumine-graphite et des mélanges alumine 

oxyde de titane graphite montrent trés nettement l’influence de TiO, dont 
addition entraine une exaltation importante des raies de l’aluminium. L’addition 
de graphite atténue cette influence; avec une quantité suffisante de graphite les 
raies de |l’'aluminium ont la méme intensité relative (raie de comparaison Cu 2824) 
avec ou sans oxyde de titane. Ce fait est d’une importance capitale pour l’analyse 
des matériaux réfractaires. Mais on ne peut évidemment pas généraliser cette con 
clusion; il faut étudier des mélanges plus complexes et voir dans quelle mesure 
l’addition de graphite atténue l’influence mutuelle des divers constituants 

Kn terminant je tiens a remercie! Mademoiselle FAYOLLE GEORGETTE, assistante 
iu laboratoire de physique, qui a assuré |’éxécution de la plus grande partie ex 
periment ile de ce travail 


Résumé 
Etude systematique de linfluence d’une addition de graphite sur le spectre d’émis 
sion de produits réfractaires. On observe un renforcement des raies de certains 
éléments, Al, Mg, Si, Ti, que l’on peut expliquer par une action chimique du graphite 
réduction des oxydes) et un effet physique, le graphite empéchant la formation 
d’un globule fondu dont la vaporisation est relativement lente 
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A cutter for the preparation of carbon electrodes 
R. O. Scorr and A. M. Fraser 


uckler, A berdeen 


Summary—<A tool for the preparation of carbon or graphite electrodes is described. This com 
prises a cutting head, on the lever tailstock of a lathe, whi h is fed to the rotating carbon. 
Che outside diameter of the electrode is reduced, the end faced and the cavity drilled in one 
operation. Electrodes with 2.8 mm outside diameter and a cavity of either 0.8 or 1.0mm 
diameter and 8 mm depth can be produced at the rate of about 100 per hour. Porous cup elec 


trodes can also be machined with the same equipment, using a scroll type chuck to hold the 


For the spectrochemical determinations carried out at the Macaulay Institute 
several shapes of carbon electrodes are cut in large numbers from 5-5 mm diameter 
carbon rods. The majority are of the cathode layer type with deep narrow borings 
of 8-0 mm depth and either 0-8 or 1-0 mm diameter, with an outside diameter of 
2.8mm. Porous cup electrodes of carbon, with a bore diameter of 3-2 mm (f in.) 
and a base thickness of 0-6 mm, and pointed counter electrodes, are also required 
in considerable numbet 
Electrode cutters previously described in the literature are mainly of two types, 
one in which the cutter head is brought to the rotating carbon or graphite ({2], [6], 
11}, [13], [17}) and the other in which the carbon or graphite is fed into the rotating 


cutter l 3 4 j s 9 LO 12 L4 18]). The advantage of the rotating 
cutter type lies in the speed of operation, as the cutters run continuously and the 
carbon rods are inserted by hand. This type of cutter is mainly used for graphite 
electrodes, with bores of wide diameter and shallow depth. The machining of carbon 
electrodes with a deep narrow boring generally requires a more rigid set-up and, for 
this, one with the carbon rotating is more suitable. The apparatus described below 
is of this type and is a modification of that illustrated by MircnHe.y [11], which 
was designed originally for Professor V. M. Gotpscumript in Oslo. It is somewhat 
similar to that of Myers [12], and can be used for making practically any shape of 
electrode, including porous cups 

The apparatus, Fig. 1, consists basically of a small 3} in. centre lathe with a lever 
tailstock J to take draw-in collets, to which the cutter head G is fitted. The tail- 
stock spindle has an adjustable stop ring K at the side remote from the headstock, 
to arrest spindle travel towards the headstock The headstock, which holds the 
rotating carbon, is driven at 1500 r.p.m. by a totally enclosed clutch motor, by 
means of which instantaneous stopping and starting is achieved although the motor 
runs continuously Che headstock is fitted with a 24 in. scroll chuck, with which 
ibout an eighth of a turn of the large knurled closing ring B is sufficient to grip or 
release the carbon. A removable flat-ended stop C, 3-2 mm diameter, is fitted inside 
the hollow spindle of the headstock, 7 mm behind the front face of the jaws, and 
is held by a grub screw A on the back plate of the chuck. 
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The cutter head which fits on to the lever tailstock is shown in detail in Fig. 2a. 
The cutters, D, Fig.1, which reduce the outside diameter of the electrode from 
55 mm to 2.8mm, are made from 4:76 mm (4; in.) square ground finish high speed 
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cutting apparatus (plan view 


steel. The edges of the cutters are ground with negative plan approach angles of 


about ten degrees, and plan trail angles of about fifteen degrees, the side and front 


clearance angles being about ten degrees. The tops of the cutters are left untouched, 
so that the front and leading edges can be re 
ground without altering centre height. The 
two cutters are set so that one cuts first and 
takes about half the cut and the other finishes 
the cut, the adjustment being held by counter 
sunk hexagon screws. The slots holding the 
cutters are milled so that the base of the left 
hand slot shown in the end view of Fig. 2a is 
central, and the base of the right hand slot is 
4-76mm (, in.) below centre, thus ensuring 
that the cutting edges are both central. The 
boring in the electrode, 8 mm deep and either 
0-8 or 10mm in diameter, is drilled and faced 
in one operation by a drill held in a spot facing 
cutter as shown in Fig.2b, each drill size used 
having a facing cutter with an appropriate bore. 
The facing cutter is made from carbon steel head. b) Spot 
hardened and tempered to a light straw after = oS 

milling, the cutting edges being then sharpened with a hand oilstone; the drill is 
of high speed steel. The combination of drill and facing cutter is held in a 5 mm 
collet in the tailstock. The projection of the drill from the facing cutter determines 
the depth of the bore in the electrode, and that of facing cutter from the collet in 


$23 





1 A. M. FRASER 


the tailstock determines the length of the reduced portion of the electrode. A gauge 
of the type shown in Fig.3 is used to reproduce accurately the distance by which 
the drill projects from the facing cutter, the drill being dropped into its appropriate 
hole. the facing cutter placed over the drill and the set screws tightened. The 
length of the reduced portion of the electrode is not critical, for an 8mm deep 
bore it is between 13 and 13-5 mm 


In use the cutters, facing cutter and drill remain sufficiently sharp to machine 
150 to 200 electrodes, after which the edges are resharpened. The cutting edges at 
the point of the drill are the most critical, and, for the 0-8 mm diameter drills in 


particular. should be examined under magnification to make sure that the cutting 


ingies are equal ind that there is back clearance. 

It has not been found necessary to enclose the electrode while cutting. The finer 
of carbon dust are removed with an extraction fan whose 24 in. inlet is 
immediately behind the electrode being cut and as close as possible to it 

without interfering with the cutter head on the 
tailstock. The heavier particles fall into a tray 
on the lathe bed 

VV ith the ibove set up it is possible to make 
ibout 100 electrodes per hour, and over a period 
iverage 500 pel day with a loss of carbon of 
bout 4% including breakages and wastage while 

setting the cutters to size 
iade with the ipparatus described as conveniently 


iods described els where » 15 16 19 which hold the « irbon 


i j 4 


i. drilling machine Klectrodes of 3-2 mm (4 in.) bore 


thickness are made by using an } in. drill in the tailstock 


ved. The drill is initially adjusted so that the point 


ie headstock spindle when the tailstock spindle Ls 

0-60 mm is then p iced between the tailstock stop J 

hat the point of the drill is 0-60 mm from the headstock 

i piece of carbon is either sawn or turned 

vistock chuck so that the flat end is against the head 

s then drilled out until the tailstock spindle stop ring A comes 
\ base thickness of 0-60 mm can be held to 0-Olmm 
provided a scroll type chuck is used in which the jaws 
spindle axis. With the Jacobs type drill chuck the jaws in 


to push the carbon away from the stop, resulting in 


ule with appropriate shaped cutters in the cutter 
removed 
cribed is greatly speeded up the production ot electrodes 
nerly used {11}, the changes contributing most to this being 
K In place ol the usual screw type ind the instantantous 
with the clutch motor 
The lathe i f é v tor the prepal ition of carbon o1 ol iphite electrodes there 


avoiding ) ) ontamination from the metallic constituents of allovs The 
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lathe is housed in a small room where no other operations are carried out: in an open 


workshop numerous sources of contamination exist. 
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A constant ratio method 
for spectrographie analysis by the Lundegardh flame technique 
F. L. ASHTON 


t's Hill Research Station, Bracknell, Berks. 


Summary 


technique applied to the 


cribed, in which 
od An internal 
ine, and an intensity ratio 
ntensity ratio of one is found 
is required to give that ratio, 
alculated. In support of the 


on between the coeffiment of 


of a flowmeter a! 
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ti 
nis is 


Introduction 


The Lunds gardh flame te¢ hnique is generally regarded as being the most accurate 
if the methods used in quantitative spec trographi analysis. Coetticients of variation 
of less than 2 tor triple ite determinations have been quoted l 
of the method is regarded with 


and the accuracy 
i complacent yw hich is not extended to techniques 


ther methods of exciting spectra. The technique has been extensively used 
it Jealott’s Hill Research Station for 


vased on « 


the determination of exchangeable cations 
n soll and in the analysis ot plant ash 


At first the conventional line-background 
method as described by MircHELt [2] was used but 


method 


favour of an internal standard 


to obt 


this was soon abandoned in 
Even with this it was found impossible 


he accuracy claimed by other authors and a study was therefore made 
if their methods of computing error. These were often found to be based on the 

ariance within a number of spectrograms all of the same solution and all carried 
side by side on the same plate It is here contended that this method gives spurious 


results for it leaves out of consideration many possible causes of error. 


\ correlation was found between the size of the error and the amount by which 


the intensity ratio differs from one 


this led to the development of a method here 
called the Constant Ratio Method which is based on the principle that the greatest 
precision is obtained when the analysis line and the internal standard line are of 
equ al inte nsity 


The validity of this principle has been recognised by many authors and 
methods of quantitative analysis have been based upon it In MITCHELL’s [2] 


constant density method the exposures required to give a particular density 
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are found for the analysis line, the internal standard line, and the background by 
meags of a rotating sector. SANDERS [3] has suggested an ingenious procedure 
for the analysis of iron and steel, in which the analysis line is referred to two 
internal standard lines one stronger and one weaker than itself. Working curves 
(log. ratio v. log. concentration) are prepared from a separate plate, the log. ratio 
points are found on the corresponding working curves and are joined by a straight 
line, the concentration corresponding to zero log. ratio on this line is taken to be 


a weighted mean. He claims that this procedure makes plate calibration unnecessary. 
ARGYLE and Price [4] showed mathematically that, provided the two points fall 
on the straight line portions of their respective Hurter-Driffield curves, the results 
thus found will be independent of the plate y. They also showed that only one 


internal standard line is necessary if a neutral step filter is used appropriately. 
The present method, however, appears to be the first attempt to apply the principle 
directly by finding the concentration of the unknown which is required to give 
a line equal in intensity to that of a given standard line, by the simple expedient 
of varying the actual concentration of the unknown in the source. 

Two other refinements were introduced at the same time. The first of these 
improved the regulation of the flow of acetylene, for difficulties had arisen due 
to the partial blockage of the acetylene inlet by salts deposited from the spray. 
The second was the introduction of a condensing lens and a concave mirror into 
the optical system to increase line intensity and sensitivity. 

It is believed that the adoption of these three refinements materially increases 
the accuracy of flame spectrography. 


The constant ratio method 
Outline or method 


Cobalt is used as an internal standard, but working curves are not used in the 
conventional way. A series of dilutions of the unknown is prepared, each solution 
containing the same concentration of the internal standard. An internal standard 
line is selected with an intensity similar to that of the analysis line and the intensity 
ratios are plotted against the dilutions of the unknown. From this the dilution 
required to give an intensity ratio of one is found. Standard solutions are used to 
find the concentration of the element which is required to give that ratio and from 
this figure the concentration of the unknown is calculated. 


Detailed procedure 
Standard solutions Slightly different standard solutions are used for soil und herbage analysis. 
rhe first step in preparing either series is to make up three stock solutions as follows: 
For soil analysis 
Stock solution SA: 0-1M KCl; 0-008M MgCl, . 6H,O 
SB: 0-0005M MnCl, .4H,O0; 0-025M NaCl 


SC: 2-5% CaCl, .2H,0; 2% CoCl,. 6H,0 


For he rbaaqe analysis 


Stock solution HA: Same as SA 
HB: 0-00025M MnCl, . 4H,O; 0-025M NaCl 
HC: 25% CaCl, -2H,0; 3% CoC, . 6H,0. 


The solutions are all made up in UV »>NHCI, 
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The exposure period is 90 se Ilford Zenith plates are used and are developed 
for 6min in metol-hydroquinone developer ID 2, at 20° ( 
\ slit sufficiently narrow (approx 0-03 mm) to split the K 4044-1:4047-2 doublet 


and to divide the Mn 4030-8: 4033-1:4034-5 triplet into two lines is used. 
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ratio one of sample No 1 on plate 171 was 0-78, hence the result of the analysis on 


: 0-121 -_ ’ 
this plate was 0-155 % Na.O 
r 2 


78 
The results of the analyses of these four samples on the two plates were as 
follows 
Sample No l y 3 4 
Plate 171 0-155 0-347 0-303 % Na,O 
Plate 172 0-159 23% 0-356 0-303 


Index values and ranges. In Table 3 the index values given by the standard 


solutions and the ranges which result from making the dilutions of the unknowns 
described above. are shown. 


Tab 23 I nde rvaiues and ranges 





Herbage %o Ila wm 25 ml) 


Faint Strong 


0-04 


0-04 


0-31 
0-31-4-85 


0-42 


0-42 


0-47 


4 dilutions 





Conc utions outside t) ing he dilution curve of ratios based on 
the strong internal standard li ubove the line of a ratio of unity, a 
further dilution must mad : be done, although it involves the 
use of second plate 

When, however, the ratio based on the faint internal standard line and the 
dilution curve lies wholly l tl ine of unity it means that a stronger extract 
is required. Such an extra be prepared from herbage but is not practical 
with soil leach 

In all cases 1e of unity is not reached the dilution curve will be 
very fiat indeed i ear whether it is possible to make an estimate 
it all. If it is not, th ghest amount that can possibly be present in the 
sample can be found from the intensity ratio curve, and the result reported as being 
below the limit. If, however, a satisfactory dilution curve can be plotted it is 
better to avoid extrapolation by finding from the intensity ratio curve an index 
value for a ratio less than one \ ratio of 0-9 will probably extend the range to 
include all cases where estimation is at all possible, and a ratio of 0-9 cannot be said 
to differ greatly from one 
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Discussion 
The princi ple ol the he thod 


The method is based on the principle that the greatest precision is obtained when 


the intensity of the analysis line is the same as that of the internal standard line. 


] 


Although the principle has been recognised by some authors [5] no attempt 
to apply it to the Lundegardh technique has been reported. In the line background 
method a ratio of one represents zero concentration of the element under con 
sideration, and ratios which differ widely from unity must necessarily be used. 

The scatter diagram, Fig. 2, 1. 
is advanced in support of the 
principle. It was obtained as 
follows 

In the course of routine analy 
sis four plates were prepared with 
the spectrograms of a set of six 
standard solutions carried twice 
on each plate There were there 
fore eight replic ite spectra tor 
each solution available The el 
ements considered were K, Mn 
and Mg. and cobalt was used as 
an internal standard. For K and 
Mn two sets of intensity ratios 
were found, one with a dark and 
the other with a faint internal 
standard line. The mean ratio of 
the eight determined for each 





solution was found in 

ind its standard deviation and 

coefficient of variation computed 

from the seven degrees of freedom 

In Fig. 2 these coefficients have been plotted against the logarithms of the mean 
ratios and it will be seen that the correlation of the error with the amount by 
which the ratio differs from unity is obvious. 

Background corrections are always troublesome and frequently incorrectly 
applied. It is now generally agreed that they cannot be made unless the plate 
characteristic curve is first plotted and the opacities of line and background con 
verted to actual intensities by means of it. All such corrections for background 
necesarily involve extra time and labour, and, moreover, although there is no 
doubt that modern methods of background correction greatly increase the accuracy 
of spectrographic analysis, they are still based ultimately upon the assumption 
that the uncorrected intensity of a line is the arithmetical sum of the intensities 
of line and background, an assumption which at best can be only approximately 
correct. A virtue of the present method is that it avoids the question of back 
ground correction altogether, for, as MITCHELL [2] says a background correction 
is not necessary if internal standard and analysis lines are of equal intensity”’. 
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The condensit 


inte nsuy 
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of the Mn and K lines in the spectra of soil leachates, for it had been found that 


with the ny ional m these lines were sometimes too faint for efficient 


measurement ‘or faint K and Mn lines, increases of roughly 30% opacity were 


obt uned whe rea the Opa ity of tne 


background in their vicinity was increased 
by less tha With these two elements a general increase in sensitivity was 
also obta \ n whole range of intensity ratios. 
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ind the intensity distribution along the spectrum 





A constant ratio method for spectrographic analysis by the Lundegardh flame technique 


will be altered. However, provided that the positions of the burner, lens and 
mirror on the optical bench are not changed during the exposure of a plate, it 
cannot affect the precision of results. The system achieved its object of bringing 
up faint K and Mn lines, but was found to have no effect at all upon the Mg line 
at 2852-1, and this may be partly due to the fact that the ultra violet was not in 
sharp focus at the slit in the type of analysis for which the system was used 
there was never any difficulty due to too faint magnesium lines, but if the analysis 
of samples comparatively low in magnesium should be required there is no reason 
why the position of the lens should not be altered accordingly, though to obtain 
the best results in the ultra-violet a mirror silvered on the front would be essential. 
The condensing lens therefore makes it possible to adjust to a certain extent the 
intensity distribution to suit the analysis being made. 

When the condensing lens is used the flame is kept well away from the slit of 
the spectrograph and cannot possibly heat or corrode it; this by itself is a consider- 


able adv antage 


Slit width 

The narrow slit is contrary to the usual practice but is preferred because it was 
found that when faint lines are deliberately made diffuse they become difficult 
to measure. More than one minimum galvanometer deflection may occur while 
the wide region over which the line is spread is being traversed. With the narrow 
slit it is possible to keep to the same line throughout, and the K line 4044-1 and 
the Mn line 4030-8 are to be preferred because they are the most sensitive in each 
case. The narrow slit also decreases background. One .of the reasons for using 
the wide slit was to increase the background so that it could be used as a standard 
in the line-background method: when an internal standard is used it is better to 


reduce background to a minimum. 


Precision of the Constant Ratio Method 

An opportunity to test the precision of the method occurred when potassium and 
sodium determinations were made on 54 samples of herbage. The method was 
used as described above with four dilutions of each extract. Nine unknowns and 
two sets of standards were carried on each plate. As it had been decided that a fair 
estimate of the error could not be made unless the replicates were on separate 
plates, duplicate plates were prepared for each batch of nine estimations making 
a total of twelve plates in all. The standard deviations were obtained by combining 
all the error variances within the duplicate determinations. Thus there were 
108 determinations, 54 means and consequently 54 degrees of freedom available 
for the error estimate in each case. 


The results were as follows: 


Eleme ( SD 


KO , 00-0386 


Na,O 2707 00-0040 


The error is of much the same order for K as for Na and a round figure of 1-5% 


mav be taken as a fair estimate of the standard error of a single estimation in each 
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case. Corresponding figures are not yet av iilable for other elements or for soil 
analysis Many analyses have been made bv the method, but not since the latest 


refinements have been incorporated 


(on parison wulh othe? met} 18 


It is practically impossible to make a fair comparison of the 8.D. of the method 
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is clearly not permissible to quote this figure as the error of results which lie at 
either extremity of the range. 

If this is admitted, the only fair estimate of error is one obtained by combining 
the variances within replicate determinations on a large number of unknowns, 
the results of whose analyses vary greatly and extend over the whole range. This 
was the method used in the present investigation. 

It may be concluded therefore that, since the 8.D.’s quoted by other authors 
do not include variance from the very sources of error that the Constant Ratio 
Method was designed to eliminate, the 8.D. of 1:5% compares very favourably 
with their figures. 


Acknowledgement. The author’s thanks are due to Mr. J. H. Duwnw for his 
helpful criticism and advice. 
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over this interval. The shutter may be a mechanical shutter like a rotating sector 
before the slit of the spectrograph or an electro optical shutter (Kerr cell) or it 
may be an electronic shutter (switch between phototube and recorder). 

In work described previously [12] the switching was accomplished by removing 
the voltage from the photomultiplier tube and making it thus insensitive except 
for the desired sensitive time interval. While this is in general satisfactory, the 
sudden application of fairly large voltages brings with it trarsient problems which 
may be troublesome. For this reason, the equipment described in the present 
report accomplishes the switching by leaving the voltage on the photomultiplier 
tube unchanged and sensitizing the amplifier immediately following the phototube 
for the desired time interval. Outside this sensitive interval the signal is not trans- 
mitted. The circuit may be so arranged that the length of the sensitive interval 
can be varied between wide limits. Also the instant when the sensitive interval 
begins may be chosen at will. 

Another step 1s required to make this scheme practicable. A single photo 
current pulse transmitted to the recorder will usually not be enough to make a 
measurable impression, or, if it can be observed, there would be no advantage 
over a single os illograph trace For this reason, the light phenomenon is repeated 
many times. This can be done very easily for a spark discharge and is done, in 
fact, with all the conventional spark sources. If the breakdown of the spark is 
used as a triggering signal and the sensitive interval is left unchanged, the recorder 
will average over all successive sparks, and in this way will automatically reduce 
the fluctuations which are so troublesome in a single oscillograph trace. The 
recorder will thus measure the intensity averaged over many successive sparks, 
during a definite small time interval. In some typical applications the width of 
the transmitting interval was about one microsecond, the repetition rate about 
240) per second, and the time constant of the recorder a little over one second. 
With such an arrangement the noise should be reduced by more than a factor of 
15 compared to a single trace. This was found experimentally to be true. 

The instrument can be used conveniently in two ways. First the sensitive 
interval can be kept fixed and the wave length changed by having the phototube 
scan the spectrum. This produces the spectrum of the light sources taken at a 
definite time after spark breakdown Che position of the interval on the time 
axis may then be changed and the spectrum will be recorded at a different time 
Examples of this application are shown in Figs. 7 and 9. The second way of using 
the equipment leaves the wave length constant and continuously changes the 
position of the sensitive interval. This can be done easily by attaching a motor 
drive to the potenti ymeter rheostat which controls the position of this interval. 
In this way, the intensity of a single wave length is recorded as function of the 
time but averaged over many sparks. An example of this application is given in 
Fig. 10. When the instrument is used in this way, it may be called a time micro 
scope, because the time scale of a few microseconds is expanded into several minutes. 

It has been found that the equipment may be used over an intensity range 
of more than 10* to one and that a time resolution of half a microsecond can be 
achieved without undue difficulties As the instrument in its present form is 
reliable and easy to operate, many problems involving the variation of intensities 


of spectral lines with time can now be attacked which were out of reach with the 
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more cumbersome older methods. When used with a conventional spark, it has 
a number of advantages for spectrochemical analysis as it combines the repro- 
ducibility of the controlled spark with the sensitivity of the arc. 


2. Construction of the electronic shutter 


The electronic shutter can be used with any spectrograph equipped for photo 
electric recording. To use the device as a time microscope, fixed phototubes may 
be used, but to get the full benefit of the equipment there should be provisions 
for scanning the spectrum. It is immaterial whether the scanning is accomplished 
by moving the phototube along the focal curve or by rotating the grating or prism 
while keeping the phototube fixed*. The output of the phototube is fed into a 
recorder, which in our investigation was a Leeds & Northrup electronic recorder 
with a full scale sensitivity of 2 microamperes and a response time of about one 
second. The spectrograph, photot ube and recorder are used in the usual manner | 14) 
except that the electronic switch interposed between the phototube and recorder 
must be adjusted for the desired transmission interval. The beginning of the trans- 
mission interval is determined by an adjustable delay after a given initiating 
signal. The length of the transmission interval can be varied between wide limits. 


The initiating signal and therefore the switching operation can be repeated many 


times per second. The instrument will record the average of as many pulses as 
occur within an interval equal to its time constant. If this number remains constant, 
an ordinary current measuring instrument may be employed. If this is not the 
case, a ratio recorder must be used and as the comparison signal may be taken 
i. fraction of the total light of the source The action of the switching device is 
the same as if a shutter had been interposed between the light source and the 
phototube. For this reason, it is sometimes called an electronic shuttet 

The diagram of the circuit is given in Fig. 1. The light intensity to be measured 
is converted by the photomultiplier tube into an electrical current. The pre- 
amplifier increases this current and sends it to the electronic time switch. The 
current pulses from the switch are amplified by an alternating current amplifier 
ind rectified by a 60 cycle vibrator when a 60 cycle source is used. This current, 
which is proportional to the intensity, is finally recorded. The electronic switch 


is normally “off i.e., the signal is not transmitted. In order to turn it ‘‘on”’ 


a pulse is first sent into a trigger circuit. In the case of a spark source **, a wire 
near the spark circuit picks up enough of a triggering signal. The trigger circuit 
delivers a unidirectional negative pulse to either of the two multivibrators selected 
by switch S,. If the closing time of the switch is to be delayed, this negative pulse 
goes to the delay multivibrator The delay multivibrator generates a pulse of 
length equal to the desired delay time. The trailing edge of this pulse triggers 


the pulse length multivibrator. The pulse length multivibrator produces a pulse 
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‘ig. 1. Cireuit diagram of electronic time switch. The value of the components are given below: 


0-01 mfd 3 IN 54’s 470 K oo 4°7 K ?.g LOOK 
0-22 mfd » IN 34 » 470K fog OK P., 22 ER 
0-02 mfd IN 54 t, 470K Pog 2K ?,, 1K 

15 mmfd IN 54 4170 K es ° K 2.g 4K 
2000 mmfd IN 54 : 170 K og 86K am} 
750 mmfd . IN 34 ?, 470K ?,, LOOK 2, LOOK 
250 mmfd , IN 34 170 K . LOOK ?,, 1000 K 
50 mmfd . IN 54 , 470K Pog 1K ?., 10OO K 
15 mmfd . IN 54 ?, 470K 1 lOK t LK 

40 mfd IN 54 19 8000 K t,, <0 K ts 3d K 
15 mmfd IN 54 I 1000 M ?.. 22 K 100 K 
15 mmfd 1g IN 54 t1.o 750K 2, BOK 100 K 
15 mmfd IN 54 , 740K ?., 1000 K 50 K 
40 mfd IN 54 900 K ».. lOOK* ?., 35 ohms 
15 mmfd IN 54 P15 700K , SOO K ?.. 35 K 
30 mmfd , 650 K ?.g 50K , 10OOK 
40 mfd ’ t,, 600 K ?., 20K 

0-22 mfd T's 2 AX 1100 K : LK 

1 mfd T AX 100 K lOK 

1 mfd T o9 100K ? 86 K 

750 mmfd ' », 47K ?yo LOOK 


* Motor driven variable resistor. 
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of length equal to the desired transmission interval of the switch. This pulse is 
sent to, and operates, the electronic time switch. If the ‘‘on”’ time of the switch 
is to come at once, the switch S, is set so that the negative trigger pulse is sent 
directly to the pulse length multivibrator. The construction and function of the 


various parts are described below. 


a) The photomultiplier tube and the sensitivity control Any one of the different 
types of photomultiplier tube may be used. The light sensitivity adjustment for 
the whole system is made by changing the voltage per dynode (pins | through 8) 
on the photomultiplier tube in fixed steps. This method of sensitivity control 
is chosen instead of changing the phototube load resistor R,, in order to keep the 
pre-amplifier input circuit simple. The added wires and switch would have increased 
both the capacity and the chances of more pick-up from the spark electrical radia- 
tion. Another reason for changing the voltage per stage is to make sure that the 
saturation limit of the photomultiplier tube is not exceeded, since extremely high 
instantaneous light intensities are sometimes encountered. The voltage between 
dynodes 9 and 10 is fixed at 97 volts. Ten different sensitivity ranges (1; 2; 5; 
lO: 20: 5O: 100: 200: 500: LOOO) are provided The dynode voltages per stage 
for the particular tube used (type IP 28) are: 144; 130; 114; 103; 93; 81; 73; 
67; 60; 54. These are set by adjusting the variable resistors RA, through R,, 
so that the desired sensitivity is obtained. The sensitivity calibration is carried 
out by sending a light signal (spark light) onto the photomultiplier tube, with the 
output current of the tube going directly into the alternating current amplifier. 
In this case the input to this amplifier contains the load resistor of the photo 
multiplier tube. Ten different precision resistors are provided (10°; 5- 10°; 2- 10° 


LO 5-10*: 2-108 10*: 5+ 108: 2-108 10° ohms any one of which can be used 


as the load resistor. It is known that the current output of the photomultiplier 
tube is directly proportional to the light intensity falling on the photocathode 
up to a certain saturation level (about 10 milliamperes The light intensity is 
therefore adjusted to give upproximately full scale deflection on the recorde! 
with the sensitivity adjustment on the | range, with the 1000 ohm load resistor, 
while care is taken that the current is far below the saturation level. Then the 
sensitivity adjustment is changed to the 2 range and the 2000 ohm load resistor 
is used. If the sensitivity control is correct the recorder will read the same value 
is before In this wavy all ten of the ranges are calibrated Occasional checks ot 
this calibration are made It should be mentioned here that the calibration seems 
to be dependent upon the position of the light spot on the photocathode The 
calibration is carried out with the photomultiplier tube in place and with the same 


spark source as used for the recording of the data 


b) The pre-amplijier. The pre-amplifier connects the photomultiplier tube 
with the electronic time switch Although there is no voltage amplification as 
such in the pre-amplifier, the reduction in the effective input capacity by a factor 
50 allows the use of a higher phototube load resistor than would otherwise be 
possible with the same high frequency limit. In addition, its purpose is to match 
better the high impedance of the photomultiplier tube to the somewhat lower 
impedance of the crystal diode into which the signal is fed, and it inverts the 


signal as required by the switch. 
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The output of the pre-amplifier comes from the cathode of the second half 
of tube 7, which is connected as a cathode follower. The reason for this arrangement 
in preference to taking the output signal from point A, is the action of the electronic 
time switch. When this switch goes on, a pulse is sent back to the pre-amplifier. 
This circuit is used to isolate the feedback part of the pre-amplifier, where the 
pulse from the electronic time switch could cause trouble. 

The requirements of the electronic time switch make it necessary that the out 
put of the pre-amplifier be a D.C. positive signal above a well defined positive 
reference voltage. To comply with this requirement, the D.C. restoring circuit, 
consisting of a battery and a IN 34 germanium diode D, is connected to the grids 
of tube 7,. The non-linearity of the tubes and the D.C. restoring system are 
made negligible by the | —— ome, b 
100% voltage feedback a 
circuit. As far as can be ~~ —_ — 
determined the action of 


the D.C. restorer is per l. : 





fect, since no undershoot ‘ 
4 pse 120 


of the output signal has : 
a © Fig. 2. Oscillograph traces of the output of the pre-amplifier for the 


been detected even after a) and low (b) frequency test. 
very large signal currents. 

To keep the maximum output signal level below a pre-determined level (about 

3v) the clipping circuit, consisting of a battery and a germanium diode D, is 
placed across the input resistor This is necessary to protect the pre amplifier 
from an overload and to make sure the switch does not pass any of the very large 
early time signal when the very low signals at later time intervals are to be measured. 
This will be discussed in more detail later. 

The values of the various components have been chosen so that the desired 
frequency bandpass is obtained. To test the high frequency response an input 
signal consisting of very sharp current bursts is used. To obtain this signal the 
photomultiplier tube sensitivity is turned to its highest setting. With no light 
on the phototube the current from it will consist of a random distribution of very 
short (about 10-* sec) high current bursts due to individual thermal electrons 
ejected from the cathode. The output of the pre-amplifier for this input signal 
is observed on an vuscillograph triggered by the current bursts. A picture of the 
oscillo raph screen for several of these current bursts is shown in Fig. 2(a). The 
time markers are one microsecond apart. Part of the observed delay in the signal 
rise is due to a 4 microsecond delay circuit in the oscillograph. If this is taken 
into account, the delay in the signal maximum due to the pre-amplifier is found 
to be about one-third of a microsecond. The decay time constant of the output 
signal is seen to be a little larger than half a microsecond. 

To test the low frequency response, a 60 cycle square wave input signal is used. 
To obtain this signal the photomultiplier tube is illuminated by a tungsten lamp 
which is excited by a battery, with a 60 cycle chopper between it and the photo- 


multiplier tube. Again the output of the pre-amplifier is observed on the oscillo- 


graph screen, a photograph of which is shown in Fig. 2(b). The drop in signal 
level for the 1/120 of a second while the light is on the phototube is very small. 
To test this more precisely a square wave of lower frequency should have been 
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used, but then the reduced low frequency response of the oscillograph would have 

prevented an accurate determination. In any case this test shows that the low 

frequency limit is much better than necessary for proper reproduction of the 
desired data 

Cc) The electronic lime switch This switch normally off’’. is turned on”’ 

for the desired time interval by means of an electrical pulse that comes from the 

pulse length multivibrator. The switch will turn ‘‘on”’ or “off” in less than 

0-2 microsecond. The switching properties of this 

circuit are due to the use of germanium diodes, 

the properties of which are illustrated in Fig. 3. 

The circuit used here is an elaboration of a scheme 

discussed by CHance, HuGHES, MACNICHOL, SAYRE, 

WILLIAMS [13 The extra complications arise out 

of the requirements of our system as compared to 

the usual application of presenting the information 

to an oscillos« ope The switch operates in the follow 

ing manner: If point | is positive, the switch is 

on”’ and the signal from the pre-amplifier goes 

through diode D, to the amplifier and recorder. 

Thus by control of the voltage at point 1 the switch 

can be turned on or off. The switch should be ‘‘on’”’ 

during the desired interval only. To keep the switch 

off”’, point | is connected to a negative potential 

through diode D, and resistors R,,, Ry, Ry. The 


current through this branch is made large enough 


45 


so that the maximum possible current from the 
pre-amplifier (its maximum value is determined by 
the clipping voltage) cannot make point | positive. 
When point | is negative, some reverse current will 
pass through diode D,. No harm is done if this 
Is ste uy since the A.f amplifier is Insensitive to 
steady currents jut, because of the varying 
signal from the pre-amplifier, it is not steady. 
To keep the reverse current variations low, diode 
D, is inserted between point 1 and ground. As far 
as can be determined the reverse current variation with diode D, in the circuit, 
is negligible. It would have appeared as signal on the recorder with the switch 
off” all the time. No such signal was ever detected even for very large and 
long input signals. Diode D, causes no trouble when the switch is ‘“‘on”’ (point 1 
positive) as then current cannot go through it. To turn the switch ‘‘on’’, the 
connection to a negative potential must be removed. This is done by means 
of a positive pulse applied at point 2. This pulse is made large enough so 
that the potential at point 2 (during the pulse only) is always above the max- 
imum possible potential of point | Because of this, diode D, now passes no 
current and the negative potential that keeps the switch ‘“‘off’’ has been removed. 
Point 1 then becomes positive, assuming a potential proportional to that at point A, 
and the switch is turned “on If there is no input signal to the pre-amplifier 
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the voltage is determined by the steady ‘off’ signal current through the second 
half of tube 7,. This is adjusted by changing the grid bias so that about 0-1 ma 
will go through diode D, to the amplifier and recorder. This steady “‘off”’ signal 
current is very important as it puts diode D, in the linear region for the signal 
current. The desired signal will appear on top of this steady “off’’ signal current 
(or pedestal). The recorder should read zero for no light signal and therefore this 
pedestal is removed after the diode D, by the pedestal removal circuit as described 
in the next section. As mentioned previously the positive pulse applied at point 2 
must be larger than the maximum possible positive potential of point 1. If this 
condition is not maintained some of the arena 

signal will travel through diode PD, and 

be lost instead of going through diode D, 

to the amplifier and recorder. 


d) The pede stal removal circuit. This 


circuit produces a negative current pulse 











of total charge equal to the pedestal charge. The latter is sent through the elec 
tronic time switch to bring the signal currents into the linear region. This current 
pulse is added to the output of the electronic time switch so that the recorder 
reads zero for no light signal. The circuit is quite similar to that of the electronic 
time switch itself with the potentials and diodes inverted. The length of the pulse 


passed by this circuit is determined by the circuit connected with the pulse length 


multivibrator, so it is of the same length as the pedestal. By adjusting the variable 
resistor R,, this current is adjusted so that the recorder reads zero with no light 
signal. In order that there be no loss of signal backwards through this circuit, 
the pulse from the multivibrator is of such magnitude that it makes point 3 definitely 
negative with respect to point 4. This adjustment is made with no light signal 
through the electronic time switch as this is the most unfavorable condition, since 
any light signal will make point 4 more positive. Fig. 4(a) shows an oscillograph trace 
of the pulse at point 3, and Fig.4(b) at point 4. It can be seen that the potential 
at point 3 is definitely negative with respect to point 4 during the pulse as required. 

Fig. 5(a) shows a typical signal going into the electronic time switch. Fig. 5(b) 
shows the signal passed by the switch. For this picture the pedestal has been re 
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used for this purpose, but they usually do not have the required accuracy. The 
method used for precision measurements uses a circuit quite similar to the pedestal 


removal circuit with the potentials and diodes inverted. The length of the current 
pulse passed by this circuit is determined by the particular multivibrator under 
investigation which can be selected by switch S,. The amplitude of the current 
is constant during the pulse so that the average current 1 through the microammeter 


depends upon the pulse length ¢, the current amplitude J and the repetition rate / 
by the relationship 


The current amplitude J is adjusted by means of the variable resistor R;,, so that 
i 1-0 microampere through the microammeter corresponds to a time of 1 micro 
second, for a repetition rate of 480 per second. The scale then reads directly in 
microseconds. The current amplitude J can be measured directly on the micro- 
ammeter by opening switch S,. The amplitude is adjusted so that 


tin 


amperes 2080 microamperes . 
1o°* 480 


The variable resistor R,, is adjusted so that no current flows through the micro 
ammeter if no pulse comes from the multivibrator. To prevent current loss back 
wards through diode D,, the pulse from the multivibrator is of such a size that 
point 5 is definitely positive with respect to point 6, during the pulse 

To make sure that the multivibrator pulse does not contribute any current 
by itself to the microammeter the positive and negative voltage connections were 
disconnected and then the pulse sent into the circuit. The microammeter continued 
to read zero thus proving that the current measured by the ammeter does come 
from the positive potential. 

With switch S, the alternating current amplifier and recorder are connected 
to the time measurement circuit instead of to the electronic time switch This 
arrangement is used for time calibration of the recorder paper speed when a time 
dec ay curve 1s taken directly 


3. Overall tests of the electronic shutter 


To prove that the circuits just described work correctly the following tests were 
made 


a) lanearity and saturation value Fig. 6 shows the recorder reading versus 
light intensity with 240 sparks per second when the observation interval during 
each spark is one microsecond. The figure shows that the recorder reading is 
linear with respect to the light intensity up to about one half of the saturation 
level. Since the saturation level is determined by the clipping circuit of the pr 
amplifier it will be proportional to the observation interval and the repetition 
rate. For example: If the observation interval is 5 microseconds and the repetition 
rate is 480 sparks per second, the circuit will be linear to about 1500 mm of recorder 
deflection. In practice the maximum useful reading is somewhat less due to the 
signal noise which sends the signal above the linear region even when its average 


value is within the linear region 
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b) Leakage of signal through the switch. It is very important that very little 
of the signal gets through to the recorder with the switch ‘“‘off’’, since data are 
taken over a light intensity range of 100000 to 1. So far it has not been possible 
to detect any leakage even with very large and long light signals. The leakage is 
definitely less than 10~° of the signal level. 

c) Background noise and signal noise. The background noise is determined 
by the random current fluctuation in the circuit and the photomultiplier tube 
dark current. The random noise due 
to the circuit has been reduced to less 
than 1 mm of recorder reading while 
the dark current noise plus the ran 
With electrome shufter. 
dom fluctuation is slightly larger than 


Shutter open from 1-13 pa sec 
1mm with the most sensitive control after initiation of spark 





setting. The reason for the unusually 
low dark current noise with this very 
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sensitive circuit without the photomultiplier tube being cooled is due to the use 
of the electronic switch Fig 7 shows the same portion of the Fell spectrum as 
recorded with and without the electronic shutter. For this example, the ‘‘on”’ 
time interval is selected for the maximum intensity of these spectrum lines, and so 
very little of the signal is lost. The dark current is greatly reduced because the 
switch is off most of the time. For this example, the “‘on”’ time interval is 
10 microseconds and the repetition rate is 480 per second. Thus the switch is on 
for only about 1/200th of the time. The dark current noise will thus be reduced 
by (1/200)! or by about 1/14th of its original value. These figures check as well 
as can be determined from the traces. 

The signal noise is due to the random fluctuation of the source and to the 
statistical fluctuation in the number of photoelectrons ejected from the photo- 
multiplier cathode. This circuit is so sensitive that the limit of observation is 
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determined by the statistical fluctuation in the number of the photoelectrons 
if the source random fluctuation is small in comparison. This means that a 10% 
noise on the signal, for a steady source, is due to only 100 photoelectrons being 
ejected during the response time of our system. For a time constant of one second 
and with 480 sparks per second this corresponds to a light intensity so low that 
only an average of about one photoelectron is recorded during five sparks. 

d) Background and sensitivity versus delay time. The background reading 
of the apparatus has been found to be independent of the delay time except at 
very early times (1 microsecond) when with certain source conditions the pick 
up from the source gives a slight additional deflection. This can easily be detected 
and subtracted from the final reading. To show that the sensitivity is not dependent 
on the delay time Fig. 8 was prepared. The motor driven variable resistor R,, was 





versus delay time record 


b) Light from spark sou | on ngsten lamp and spark source. 


used to change the delay time. The light source consisted of a tungsten lamp 
operated by a battery with a 120 cycle chopper between it and the photomultiplier 
tube. The switch was set for an ‘‘on”’ interval of 3 microseconds with a repetition 
rate of 480 per second, in such a way that the ‘‘on’”’ times came during the times 
when the light was on the photomultiplier tube. The source light was then constant 
over the observed time interval and for constant sensitivity the reading should 
remain constant, as it did. The sensitivity has been found to be constant for all 
other times, even during the very early times. 

To demonstrate that the sensitivity of the device is not changed during the 
later stages when the pre-amplifier has been saturated during the early stages 
Figs. 8(b) and 8(c) were prepared. These figures were made under the same condi- 
tions as Fig. 8(a). Fig. 8(b) shows the recorder deflection as a function of the time 


for a typical spectrum line from the spark source, with the intensity adjusted for 


saturation at early times. Fig.8(c) shows the optical superposition of this light signal 
and the same light signal used for Fig. 8(a). It can be seen that the saturation of the 
signal for early times does not change the sensitivity of the system at later times. 
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4. Use of the instrument 
When the time variation of a considerable part of the spectrum is to be investigated, 
the most convenient way to do this is probably to set the electronic switch for a 
fixed delay and a fixed transmission interval. The spectrum is scanned for these 
conditions and the resultant 


-—- = = 


record shows the spectrum 
emitted during the partic 
ular observation § interval 
(scan spectrum). The posl 
tion of the observation in 
terval may then be changed 
by altering the delay time. 
A series of spectra, each 
characteristic for a definite 





time, is then obtained 

Fig 9 shows a part of the 
copper spectrum obtained 
at various delay times. The 
length of the observation 
interval was also changed. 
Also shown in Fig. 9 is the 


ordinary spark spectrum ob 





tained without the use of 
the electronic switch (top) 
and the spectrum ol the 
copper D.C. are (bottom). 
The figure shows clearly 





that at the early times the 
air lines predominate and 
that some of them are very 
broad In addition there 





are a few Cull lines and 
a strong continuous back 
ground while the Cul lines 
are virtually absent. After 


five microseconds, the air 





lines and the continuous 
spectrum are greatly reduced 
in intensity, while the Cul 
lines appear as the strongest 
lines. Finally in the late stages the Cul lines are the only ones remaining and 
the spectrum cannot be distinguished from that of a D.C. are. The spectrum of 
the total spark light is a superposition of all these stages with strong emphasis 
on the early ones because the light is then strongest. Such data may be used 
to sort out the lines of different origin in a complex spectrum and may be of 


considerable help for an understanding of the mechanism of light emission that 


is responsible for the production of the spectrum. 
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Instead of scanning the spectrum, it is possible to scan the light source while 
the wave length remains constant. By varying the observation interval an idea 
of the spatial distribution of the particular line in the source and its variation with 
time can be obtained. Any other parameter that influences the intensity distri- 
bution may be changed equally well. 

With a fixed spectrum line and all other 
parameters unchanged, one may change 
the delay of the time switch and thus 
obtain directly a tracing of the intensity 
of the line as function of time. An example 
of this time scan application is shown in 0 2 0 ) 50 60 mse 
Fig. 10 fora Fel line. Fig. 10(a) shows a 
number of oscillograph traces with the usual 





scattering due to noise so that no accurate 
measurements can be made*. Fig. 10(b) 





shows the same line recorded with the 
time switch while the rheostat R,, con 
trolling the delay was changed by a motor 
so that the delay would change proportional 
to the elapsed time. The reduction of the 
noise should be noted. Fig. 10(c) shows 





how the sensitivity can be greatly increased 
when the intensity is low by manually 
switching over to a more sensitive range. 
If desirable the instrument can be arranged 
to change automatically to a more sensitive 
range when the scale deflection has fallen 





below a certain value. é 6 8 10 12 TH 16 20 psec 


Comparisor1 of the signal obtained on 
» . . P the oscillograph screen ( with signal ob- 
5. Comparison with other shutters oe : Be 
, tained with the electronic time switch (b), for 
In order to clarify when this device can an “on” time of 1-2 microseconds, : 
be used with advantage Table l was pre- petition rate of 450 sparks per secom 


pared, which shows a comparison with ‘#¢e ( the same as trace (b) but the sen- 


the older devices mentioned in the intro 


vy of the system was increased in several 
: steps for later times when the signal was weak. 
duction. The trace (d) is the same as trace (b) but the 
The mechanical shutters include such time scale has been expanded 
devices as rotating mirrors or moving 
films. As far as time resolution is concerned, some of the mechanical shutters 


may come near that of the electronic switch but when they have such high time 


resolutions the mechanical shutters are complicated and difficult to use. With 
Kerr cell shutters, considerably better time resolution may be achieved [2-6], 
but with the drawbacks inherent in electro-optical shutters. The oscillograph-photo- 
cell combination may achieve time resolution considerably better than 0-5 micro- 


seconds but only if the light source is very strong. 


* Great accuracy on measurements of oscillograph traces is usually impossible because of additional 


reasons, such as the scale distortion on the oscillograph screen. 
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Table 1. Comparison of ways to measure light intensities with microsecond time resolution 





Mechanical shutters Kerr cell shutters Oacillo- Electronic 
} time 
ina switch 


Film , i } P.c.* P.c.* 


Sean time data . . | Very good Yes Yes Yes 


Scan spectrum data Both at Yes Yes Yes 
same time 
Linearity No Yes : : Yes Yes 


Lejec tion % f TY good Very good Poor Very good Very good 


Can cover all wave 


lengths ‘ Yes Yes i No 


Can integrate repetitive 


curves 


Can obtain data from a 
single curve 


Ne eds a sper ial 


triggered source 





* Used with movi 


Scan time data can be obtained directly by all methods except the Kerr cell 
with film recording. Both scan time and scan spectrum data are obtained at the 
same time with the mechanical type shutter such as the rotating mirror [7-10] 


using film. For a quick qualitative survey the rotating mirror would be desirable, 


but the use of film makes it very difficult to obtain accurate intensity measurements. 
Thus under “linearity”’ all methods using film are marked ‘“‘No”’. 

In the row “Rejection” the ability to prevent passage of light except through 
the on time interval is considered The Kerr cell is poor in this respect since 
it depends upon complete cut off of light by two crossed polarizers. Existing 
polarizers of sufficient size for this work do not cut off all the light when crossed. 
Moreover, these polarizers also limit the wave length range. All the devices can 
integrate the results of repetitive events except the oscillograph. Integration is 
desirable for the improvement ol the signal to noise ratio. In the absence of repetitive 
phenomena, the electronic time switch, the mechanical and Kerr cell shutters 
with the photocell cannot be used in combination with moving chart recorders. 
When a mechanical shutter is used for repetitive phenomena together with a 
photocell or with a photog iphic emulsion for multiple exposures a special light 
source is required that can be triggered when the mechanical shutter is in a partic- 
ular position It can be seen that the electronic time switch is good for all cases 


except those involving non repetitive phenomena 


6. Application to spectrochemical analysis 
It is well known that because of its good reproducibility the controlled spark is 
the most desirable source for spectrochemical analysis of a metal sample if the 
element to be determined is present in fairly large quantities. For the determination 


$51 } 





Short period spectral intensity measurements 


of small percentages, the continuous background associated with the spark source 
makes it difficult to measure the intensity of the spectrum line or even to detect 
the line. With the direct current arc it is possible to detect very small concentrations 


of impurities, but this source has the disadvantage of being unstable and therefore 
not so well suited for accurate quantitative results. 

In the previous sections of this paper it has been shown that, in the late stages, 
the spark has the character of the direct current are without losing the repro- 
ducibility of the spark (see for example Fig. 9). This may often be used to advantage 
for routine spectrochemical analysis. An 





example, silicon in steel, was given pre- 
viously [12], where the interference with 
Fell lines was greatly reduced. Fig. 11 
shows how improvements can be obtained 
for the determination of low concentrations 
of chromium in steel by reducing the con- 
tinuous background. Undoubtedly nu- 
merous other examples of similar improve- 
ments may be found. 

The electronic time switch has proved 
a very efficient and reliable tool in our 
laboratory. We hope to report on a num- 
ber of results obtained with this device in 
the near future. 

The work in the preceding paper was 





carried out in part under the sponsorship 





of the Leeds & Northrup Company of Phila- 
delphia, Pa. We want to thank Dr. R. C. 
MACHLER and other members of the spark determination of chromium in iron, 
Leeds & N orthrup Research Laboratory forthe showing the advantages of using the light at 


Fig. 11. Analytical curves for spectrochemical 


excellent cooperation received from them. later times. 
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Photoelectric spectroscopy of transient discharges 


Tsvur-Fano, C. M. CunDALL and J. D. Craaes 


Summary—Details ar iven of various optical techniques used with photomultiplier tubes in 
intensities of spectral lines in the emission spectra of transient 


Ww microseconds 


Introducti hi 
f photomultiplier tubes for spectroscopic analytical purposes is now well- 
ind work has been carried out by many authors, for example 


The use o 
kown and extensive 
HASLER and others [1], [2], Dreke and Crosswuite [3], [4], CrosswuHite [5], 
Natsu [6], NatsH and RaAMSDEN [7] and others 
The present paper deals with special technical problems occurring in the basic 
study of the physi s of short duration discharges Lf sparks or transient arcs. Here 
hotomultiplier technique has obvious advantages over photographic methods 
since temporal variations of spectral line intensities, which are of great importance 
can be studied easily with the former, although time resolved spectroscopy with 
photographic recording has been carried out by BLITzeR and Capy [8], GoRDON 
ind Capy [9] and Tsv1-Fane [10] amongst others. In what follows there will 
therefore be given a brief account of some of the calibration and checking techniques 


necessary in work on discharges whose duration may be of the order of a few micro 


secs or less 


resent experiments have been made with RCA 931 tubes or with the equivalent 


by Ediswans, with bulbs of either soft or u.v. transmitting glass. The 


ad 
icteristics of these tubes have been described in several papers notably 
STROM [11] and more recently by Smytu [12 


onstants which should be considered, and which include 
rht pulses; (b) the colour re 


of re sponse to short li 


ve work volving the measurement of the relative 


ngth; (c) the linearity of response 

background noise, or fluctuations in 

o incident light intensity and (e) the 

for a given incident light intensity 

over the surface of the photocathode and Smyrtu [12 

1 of the illuminated part of the cathode. 

work fron iis laboratory) have shown how (b) varies 
obtained indications of local variations in noise output, 


expected f the photo ithode gives polis to poimt varia 


he electron transit times, which are 
not concern us further. The frequency 


J The quantities b) and (« ire also 





The dark currents (see also the work of ENGsTROM [11 


, SmMy7H [12] and Naishand RaMsDEN 
amp at room temperature with based tubes 
thermionic emission; the 
base. In the present 


7}) may vary from ~ 10-* to ~ 10 This current in 
cludes leakage and former may often be reduced by removal of the 
work, using pulsed discharges, only the fluctuations in the dark current 
are passed to the oscillograph and these are found to be negligible for 
in the initial flat part of the light-time 
the fluctuations in the 


see Fig. 1b and « 


normal tubes, as shown 
oscillogram in Fig. la. In work with short light pulses 
primary photo emission may be appreciable 


with wide band amplifiers 
S 4 For coloul response 


calitrations » § 4) the dark 


is will be shown in 


urrent he measured and subtracted from nt noted with light 
incident ol th ent ee I 


n order to obtam sufi l 


eurrent should alwavs be irae compared 18 usually, easily 
obtained li pectroscopic work with steady . the careful experi 
ments of I und Ray N [7 t 


MS DEN j he outp 


librations, the output 


l I ! \ nuch greater than the 
dark ¢1 itter authors SMYTH ( 


tiled discussions of 


Q. 1 ppar 


Our work has mostly 


; ; 


deviation spectrometers 
as those of atomic hydrogen. helium und 
(races and Horpwoop [13]. RAVENHILL and Craaes [14], WriuriamMs, CRAGGS and 
Hopwoop [15], and Braupo, Craces and WILLIAMS [16]) since this type of spectro 
convenient photoelectric system with a stationary photo multiplier 
Complex spectra cannot be studied 
intermediate quartz spectromete! 


heen carried out with Hilges constan 
on simple spectra such magnesium 


meter gives a 

tube (Fig. 2 Experiments with a Hilger 
g | 

using 


movable pl otomultipher tube carriage 
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ites m uinly to the photomultiplier 


have also been mace 
tubes. and therefore r system 


ATTENUATING GAUZE 


J MMAPLIFIER 


PHOTO MULTIPLIER 


ADJUSTABLE SPARK BOX 


CHAMBER 


HILGER CONSTANT 
DEVIATION 


OPTIC AL SPECTROMETER 


BENCH 


4 block circuit d he lhe photomultiplier tube is mounted 
with the (first ol ig ‘ig na metal box attached to the spectro 
meter. Since (Ex yhotomultiplier tubes varies rapidly with 
the stage oltage he doubled for an increase of about 


ury to stabilise the supply voltage and for this pur 
s sec Tota Voltage ot about ] kV 1s thus applied to 
re Suitable sereened leads connect the circuit of Fig. 4 


iO \ stage it 18s USsUAI 


pose the circuit of Fig 


the photomultiplier 
ft the latter following normal circuit practice, 


to the amplifier i typical example 


bod 
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is shown in Fig. 6 (see also Prime and Saxe [17]). The oscillograph, with a GEC 
Type 908 tube (see Prime and RAaVENHILL [18]) can be tripped synchronously, or 
with an appropriate delay in the time base circuit, to display the temporal variation 
of light emission in a single spectral line, or in part of a widened line (the Stark 
widened hydrogen Balmer lines constitute an extreme example of this kind) or in 


part of a continuum. 


§ 4. Experimental calibration methods 
The frequency response of the amplifier is shown ulequate for light pulses 


lasting more than about | microse« The response voltage pulse ot 0-5 micro- 




















seen that tl bandwidth of the amplifier 


of about ml Indeed, even this modest bandwidth. of about 


unnecessary ses8 lasting microsec, 


as indicated in Fig sec shows 
H, radiation from a spark passing 3 nicrosec rectan irrent pulse and Fig. 1b, shows 
for the same current pulse (also given in the photographs h the full bandwidth 
of 6-7 mes se Che multiple noise due to fluctuation ithode photoemission 

pulse, and, finally, 


ectrodes in alr, 


is evident in Fig. lb. Fig. le shows 


Fig la snows in oscillogram taken lor a 4 microses 


the Zn line 3303 A and showing an interesting afterglow 


The extent of these tTiuctuations ¢ culated sine STRO n.s value of 


the photomultiplier output current civen 


1] 
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6. High frequency 


om tive 
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where uw is the multiplier tube gain, 1 
the electron 


and ¢ is change 


amplifier with a gain of 70 db, 


parallel 1 


emission is negligible as 


uo LO. AT 
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circuit of Fig. 6 
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peak. This gives the r.m.s. fluctuation as about 1% but the ave rage peak oO peak variation 


will then be about 3 and the extreme peak to peak variations will be considerably more. 


and Fig. 1b gives about 20% for this 


ENCY (CPS 


quantity 


- 
) 





1 he colour response of the tubes 


may be found by using a spectrometer 
as a monochromator and measuring 
the multiplier d.c. output current as a 
function of wavelength, using a sources 
whose emission sper 1 has a know! 
intensity distributio: l cedure 


give the colour respo! stead 


hght There i Io Treason ippose 





that the colour sponse 


si TTT Ty | 


’ 
transients woul 
comparison has 


and HAPMA® 


re show 


PROO—-4000 A 
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for such a lamp is given in Fig. 10, and shows an intensity falling rapidly for increasing wave 
lengths. It is thus necessary to check, for the colour calibration work, that scattering from the 
u.v. into the visible is negligible and to arrange the optical system to this end. Fig. 9 shows 
that the overlapping data obtained with the tungsten filament and the hydrogen lamp agree 





wv 
UNITS) 


a a 
(ARBITRARY 


~ 


EMITTED ENERGY (ARBITRARY UNITS) 
ENERGY 
Lod 


EMITTED 


4000, ~=« S000 
WAVELENCTH 


satisfactorily and tests with various filters are used as routine checks to ensure freedom from 
scattering errors. CraGGs, Hopwoop and WILLIAMs [20] have shown that the photomultiplier 
colour calibration can he extremely st ible over a period oft at least a vear 


(pprop! ite dispersion corrections must he 





made in determin ng 


coiou:r response data such 


is those give in Fig. 9 


Finally the overall response of the photo- 
multiplier—-amplifier—oscillograph system 
to light of varying intensity must be found 
to detect, for example, amplifier saturation 
which is usually the first cause of non 
linearity. The most convenient intensity 
calibration method is to interpose some 
suitable neutral absorbing screen or filter 


between the light source and the colli 


mator slit of the spectrometer. The well 


known Hilger step filters offer the most 
uccurate method for the visible and u.v 
Less el gant methods are often adequate 
however, and we have found the use of 
uttenuating gauzes generally satisfactory 
It is also possible to carry out intensity 
calibrations by varying the collimator slit 
length and a simple slider with a wedge 
shaped opening may be used for the purpose, arranged to move across the slit, and 
in contact with the outer surface of the slit jaws. Typical calibrations are given in 
Fig. 11. For the latter method it is first necessary, of course, to check that every 
element of length of the collimator slit contributes equally to the light falling on 
the photomultiplier cathode and this is done with a sliding piece in which a slot 
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inclined at an angle to the collimator slit, is cut and which when moved across the 
collimator slit exposes a short length (~ 1 mm or so) of the latter at different posi 
tions along it. Calibrations must be carried out at different wavelengths to ensure 
neutrality, and the gauzes must first be calibrated with a separate photo-cell and 
lamp system. The latter must clearly have a linear response, which may be checked 
by various methods (inverse square law, addition of independent light sources, etc.). 

Tests have also been made with commercial film strip step filters but the results 
have not always been satisfactory, in that non-linear calibrations have often resulted. 
This is believed to be due to scattering in the filters, and precautions have usually 
to be taken when calibrating such filters to ensure that the geometry, 7.e. light 
beam convergence etc., of the calibrating system is the same as that in which the 
step filter is then used to calibrate the photo-multiplier—amplifier—oscillograph 
apparatus 

It is extremely difficult to estimate the accuracy with which line intensities may 
be compared, since source fluctuations are invariably present. The latter depend on 
variations in spark channel position for successive discharges, referred to by WIL 
LIAMS, CRaGGs and Hopwoop [15], and on basic fluctuations in light intensity from 
spark to spark. We have observed the latter with various optical systems, gaseous 
atmospheres electrode metals etc. and the variations can be large (up to ~ 50 
for certain argon discharges) but the subject is too complex for discussion here. 
For hydrogen and helium sparks we estimate the accuracy of measurement of rela 
tive line intensities in good conditions to be about 5 % The stability of the 
photoelectric recording system is much greater than this. and does not at present 


constitute a limit 
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Uber die Anregung der Linien der Nichtmetalle im Pfeilsticker-Funken 


A. STETTER 
n M ate rial 


Isticker-type controlled are dis 
is worked out which gives a satisfactory 
certain changes of the intensit\ f lines 

pressure on the 
i@éVeis 
detection of! 


practical ana | scopy ted to show 


ie discharge spectrum 


I. Einleitung 
rsuchung an iner stromstarken langdauernden Konden 
rschiedenen Drucken feilsticker-Funken \. STETTER |! 
Beobachtungen am Pfeilsticker-Funken (P.-Funken) be 
vorliegenden Arbeit wird eine Deutung dieses 
in der Absicht. das Auftreten der Linien det 
Funkens zu erkliren. Die wichtigsten Ergebnisse 
werden in folgender Reihenfolge diskutiert 
6000° K. Die Temperatur andert sich im Verlauf 
dem Druck wurde im Bereich von 
mim Verlauf der Entladung 
ihlenden Dampfwolke mit abnehmendem Druck 
Intensitat einer Cl Il-Linie mit zunehmendem Druck 
Materialabbaues der Elektroden mit zunehmendem Druck 
ichen Strahlung mit zunehmendem Druck 


Nichtmetalle sind lonenlinien Ausnahme Wasser 


entscheidende Parameter fiir den spektralen 

‘ine Ansicht. die in der Literatur weit verbreitet 

m die Linien der Nichtmetalle im Spektrum des 

‘unkens a og und P.-Funken haben nimlich etwa dieselbe An 
gstemperati 1 ist ihr spektraler Charakter véllig verschieden. Im 


‘unken werdet inderem die Nichtmetalle angeregt. deren Anregungs 


liegt. wihrend im Dauerbogen nur Elemente mit Anregungs 
Linien emittieren. Diese Feststellung bezieht sich auf den 


2000 FOOO A 


Il. Funkenmodell 
Einblick in diese Entladung zu gewinnen,. wurde ein Funkenmodell ent 


worfen und durchgerechnet. Das Ergebnis wurde mit dem Experiment verglichen 
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Uber die Anregung der Linien der Nichtmetalle im Pfeilsticker-Funken 


Die Hauptannahmen fiir dieses Modell sind: 

1. In der Entladung herrscht thermodynamisches Gleichgewicht. 

2. Die Temperatur andert sich im Verlauf der Entladung und mit dem Druck 
nicht. 


A. Abnahme der Ionisation im Verlauf der Entladung 


Fir die Intensitét einer Spektrallinie gilt die Beziehung: 


(1) 


I Intensitat; N Anzahl der Atome bzw. Ionen; A Ubergangswahrscheinlichkeit ; g statistisches 
Gewicht; » Frequenz; o Zustandssumme; FE Anregungsenergie; k BoLtzmannsche Konstante; 
T Anregungstemperatur. 


Werden mit den Indizes I bzw. II die auf die Atome bzw. Ionen bezogenen GréBen gekenn- 
zeichnet, so ist: 
E, — Ey Mu 


log 


k7 _ “) 


AY log : , t - : - ; loge: 


mit Ny, =N - x; XN, N -(1— <2), wenn N die Anzahl der verdampften Atome und z der Ioni- 
sationsgrad ist. F (7) ist ein Ausdruck, der als Variable die Temperatur und im tbrigen nur 
Konstanten der Atome bzw. Ionen enthalt. 

Als Gl. (2) folgt: 

AY log 4 F(T) (3) 

Aus Gl. (3) lieBe sich x berechnen, wenn F( 7) und 4Y bekannt wiren. Die Werte von 4Y 
wurden fir Mg I 4352 A und Mg II 4390 A in drei aufeinanderfolgenden Phasen der Entladung 
gemessen, leider sind aber die fiir die Berechnung von F(7) notwendigen Werte von A - g des 
Mg-Ions nicht bekannt. Bildet man jedoch die Differenz: 


ry . - 
log (4) 


1¥), log : ~ 
a 2 
so 14Bt sich aus Gl. (4) der Ionisationsgrad fiir eine Entladungsphase (Index 1) wenigstens dann 
: ° . 
berechnen, wenn man fir den der anderen Phase (Index 2) einen Wert annimmt. Aus der 
Saha-Gleichung kann man noch die zu diesen Ionisationsgraden gehorigen Partialdrucke der 
verdampften Atome berechnen. Die Saha-Gleichung lautet: 
Ei 
kT 


(5) 


r Ionisationsgrad; P Pot Pi; Po» pi Partialdrucke der Atome bzw. Ionen; P Partial- 
druck der verdampften Atome; EZ; Ionisationsenergie; k BoLtzmannsche Konstante; m Elek- 
tronenmasse: c,, o; Zustandssumme der Atome bzw. Ionen; h PLrancksche Konstante. Aus 
den gemessenen Werten: AY, 0,090 und AY, 0,360 ergibt sich mit Hilfe der Gl. (4) 
und (5): 


T abelle ]. 





Pe 

0,24 ’ ; 1,25 + 105 
0,414 0,2 2,80 - 10 
0,864 0,3 1,05 - 104 








(Druckangaben in dyn/cm? Bar; Phi : Beginn, Phase 2: Ende der Entladung.) 
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A. STETTER 


Die Abnahme des Ionisationsgrades ist also durch die Zunahme des Partialdruckes des 
verdampften Elektrodenmaterials erklirt. Nimmt man konstantes Volumen der strahlenden 
Dampfwolke an, so ergibt sich im Falle z, = 0,3, da8 am Ende der Entladung ca. 60mal mehr 
aus den Elektroden herausverdampftes Material im Entladungsraum vorhanden sein muBte als 
zu Beginn. Dieser Faktor vergréBSert sich noch, wenn man bericksichtigt, da8 sich das strah- 
lende Volumen im Verlauf der Entladung ausdehnt. Das Ergebnis der Rechnung. ist ein- 
leuchtend 


B. Abnahme der Intensitdt einer Cl I]-Linie mit cunehmendem Druck 


Es ist naheliegend auch die Abnahme der Intensitit der Cl I1-Linie 4819 A mit zunehmendem 
Druck auf die Zunahme des Partialdrucks von Cl zuriickzufihren. 


Werden durch die Indizes a und b die Entladungen bei verschiedenen Drucken im Entla- 
unterschieden, so ergibt sich mit Hilfe der umgeformten Saha-Gleichung (5): 


(6) 


p, Elektronendruck; tibrige Bezeichnungen wie bei 5)] folgende Beziehung: 


Pea 

Bezeichnungen werden eingefibrt 
Ionisationsgrad zx; Anzahl der verdampften Atome JN. 
Fir Mg: lonisationsgrad §; Anzahl der verdampften Atome n 


Da fir den Elektronendruck p, praktisch nur die lonisierung des Mg eine 


tolle spielt 
E. des Mg 7,61 eV gegeniiber 12,96 eV bei Cl) ist 


(3) 


in (7) eingesetzt ergibt 


Das Intensitatsverhaltnis J,/J, « | Il-Linie bei den Drucken a und 5 ist dann 


oportional de 


so ergibt sich: 


(11) 
nie bei 760 Torr, und setzt man diese gleich 1, so erhdlt man die 


I : 
iog : - conat 
E-F 
| ist der log 7 } log 1/ P (gestrichelte Kurve) als Leitkurve fir die im folgenden 
angesteliten Betrachtungen eingetragen. Die Kurvenwerte wurden fir den Fall berechnet, daB 
sowohl € als auch N mit dem Druck nicht dndern 
wurde proportional dem Druck P im Entladungagefa gesetzt. Diese Annahme er- 
l, wenn man sich die Funkenaufnahmen ansieht; das strahlende Volumen ist 
je kleiner der Druck ist. AuSerdem kann man sich tiberlegen, daB die hoch- 
erhitzte Dampfwolke gegen den AuBendruck im Entladungagefa8 Arbeit leistet. Ist bei den 
verschiedenen Drucken der Energieinhalt der Dampfwolke derselbe, so wird bei gleicher Arbeit 
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gegen den AuBendruck bei den verschiedenen Drucken das Volumen umgekehrt proportional 
dem AuBendruck sein. Auch die Annahme, daB das Volumen um so groBer ist, je groBer die An- 
zahl der verdampften Atome ist, diirfte einleuchtend sein. Uber die Anderung von £ mit ab- 
nehmendem Druck lat sich quantitativ nichts aussagen; qualitativ geht aber aus der Saha- 
Gleichung hervor, da8 & mit abnehmendem Druck gréBer wird. Auch tiber die Anderung von NV 
mit dem Druck lassen sich keine quantitative Aussagen machen. Die Abhangigkeit des Material- 
abbaus der Elektroden vom Druck zeigt aber, daB mit abnehmendem Druck weniger Material 
verdampft. 


Sowohl die Zunahme von £ als auch die Abnahme von N mit abnehmendem Druck wiirden 
sich bei der Berechnung der Intensitaét der Cl-Linie so auswirken, daB8 die berechnete Kurve bei 
niedrigem Druck weniger steil verlaufen wiirde 
als die in Abb l eingeze li hnete Leitkurve, wenn 
man diese Einflisse quantitativ bericksichtigen 
kénnte. Ob auch das Umbiegen der experimen 
tell bestimmten Kurve bei 100 Torr hierdurch er 
kliart werden kann, muB offen bleiben; die geringe 
gemessene Linienintensitéat bei 20 Torr kénnte 
wohl auch in der MeBtechnik ihre Ursache haben 


Folgende Uberlegung soll das verstindlich ma 





chen: Das Intensitaétsverhaltnis der Linien bei 
verschiedenen Drucken wird nur dann aus der 
Linienschwiarzung richtig bestimmt, wenn die 
Funken bei allen Drucken in ihrer gesamten Aus 
delinung in das Kollimatorobjektiv abgebildet 
wurden. Das war bei den Entladungen bei hohen 
Drucken der Fall; bei niederigem Druck war aber 
die Ausdehnung der Funken so gro, dab diese For 


derung nicht mehr streng erfillt werden konnte 








Bei Beriicksichtigun iller oben erwahnten 


Faktoren ergibt die Rechnung den Verlauf der 
Intensitat der Cl in i vr GroBenordnung ruckabhangigkeit der Intensitat der 


4819 A und U ntergrundes 


. . J ’ ’ 
lnstieg der kontinuierlichen Strahlung mit dem Druck 


Die kontinuierliche Strahlung entsteht aus der Wechselwirkung zwische! nn Ladungstragern 


und ist dah lem Quadrat der Tragerdichte proportional. Die Tragerdichte ist n N-a2/V. 


Aus P \ 


Aus Gl 
(13) 


Auch bei der Berechnung der Intensitét des Untergrundes wurde der Partialdruck des ver- 
dampften Elektrodenmaterials proportional dem Druck im Entladungsgefa8 angenommen. 


l Ee/ i r, wurde ich | gesetzt 


Das Ergebnis der Rechnung ist 





berechnet 


cremessen 





Auch hier immt die Rechnung in der GréBenordnung 


uberein 
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Ill. Diskussion 
Bei der Berechnung des Funkenmodells tritt die Bedeutung der Ionisation deutlich 
zutage. Die Untersuchungen am P.-Funken haben in Ubereinstimmung mit 
PFEILSTICKER [2] gezeigt, daB mit Ausnahme der Wasserstofflinien alle starken 
Linien der Nichtmetalle Ionenlinien sind. Es liegt also nahe zu vermuten, dal 
die Bedingungen fiir die Beobachtung der Ionenlinien giinstiger sind als fiir die 
Atomlinien, und daB gerade im P.-Funken eine ausreichende Anzahl von lonen vor- 
handen sind. Die Anregung der Nichtmetalle scheint also keine Frage besonders 
hoher Anregungstemperatur Zu sein, son 





dern eine Frage der lonisation. 


























ida | cenit 


2. Termsystem der Nichtmetalle Abb. 3. Termsystem des Chlors 





vereinfacht dargestellt (vereinfacht dargestellt 


Es bleibt zu erkliaren, warum die Bedingungen fiir die Beobachtung der Ionen- 
linien giinstiger sind. Hierzu das Termschema in Abb. 2; es wurde sehr vereinfacht 
dargestellt, um das Wesentliche zeigen zu kénnen. Die Resonanzlinien der Atome lie- 
gen alle im Bereich der Vakuumspektroskopie. Die Energie des niedrigsten angeregten 
Terms ist 7 eV und gréBer. Die Kombination des zweitniedrigsten mit dem niedrig- 
sten angeregten Term ergibt im allgemeinen Linien im Ultraroten. Erst die Kombi- 
nation des nichsthéheren mit dem niedrigsten angeregten Term ergibt Linien in dem 
leicht zugiinglichen Spektralbereich von 2000—7000 A. Diese Linien sind aber 
schwach, da ihre Anregungsterme sehr eng beieinander und nahe der Ionisations- 
grenze liegen. Die Linien verschwinden in dem starken Untergrund des P.-Funkens. 
Erniedrigt man den Druck, so nimmt der Untergrund sehr schnell ab und die 
schwachen Linien heben sich aus dem Untergrund hervor. Das ist der Grund, 
warum im P.-Funken die Linien des Wasserstoffs und einige wenige schwache 
Atomlinien anderer Nichtmetalle auftreten. Parallel mit dem Schwiaicherwerden 
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des Untergrundes geht die Ionisierung, also eine Verarmung an Atomen. Das kénnte 
die Beobachtung erkliren, daB nur einige wenige schwache Cl I-Linien bei 100 Torr 
festgestellt werden konnten, bei 20 Torr waren sie nicht mehr zu beobachten. 

Und nun zum Termschema der Ionen. Zwar liegt auch hier die Resonanzlinie 
im Gebiet unter 2000 A, aber die Kombination des zweitniedrigsten Terms mit 
dem niedrigsten angeregten ergibt bereits Linien, die in dem Bereich 2000—7000 A 
liegen. Ist also der Druck soweit erniedrigt, daB eine groBe Anzahl der Atome ioni- 
siert ist, so konnen diese Ionenlinien sich aus dem dann relativ schwachen Unter- 
grund herausheben. In Abb. 3 ist dieser Zusammenhang fiir Cl verdeutlicht. Die 
Termschemata sind sehr vereinfacht gezeichnet. Die starksten Linien des Cl-Ions, 
die auch bei der vorliegenden Arbeit zur Messung herangezogen wurden, enden auf 
dem tiefsten angeregten Term des Quintettsystems (metastabiler Term). Die nied- 
rigste Anregungsenergie fiir Atomlinien im Bereich von 2000—7000 A betrigt ca. 
12 eV, die lonisationsenergie ist 13 eV; sie ist also gar nicht viel geringer als die 
etwa 16 eV, die fiir die Anregung der erwihnten Cl II-Linie notwendig sind. 


IV. Bemerkung zur Anregungstemperatur 
Fiir die Anregung und die lonisation kommen praktisch nur die Elektronen in 
Frage. Es ist niitzlich, sich einmal klar zu machen, wie klein der Anteil der energie- 
reichen Elektronen ist. Aus der Beziehung: 


(14) 


kT 


laBt sich der Bruchteil der Elektronen berechnen, deren Energie bei der Tempera- 
tur 7’ gréBer oder gleich einer vorgegebenen Energie ist. In der Tabelle 3 sind einige 
Werte zusammengestellt. 


T abe le ,. 





3000° K 6000° K 12000 4 18000°K 


2-10-° 2° 2- 10-4 1-10 
~ 1-1? 9. 2-10 5-10 


~ 1 -%5 2 12 2-10 9.1074 





Man entnimmt aus der Tabelle 3, daB fiir die Anregung der erwihnten Cl II- 
Linie bei der im P.-Funken gemessenen Temperatur von 6000° K nur etwa der 
10#2-te Teil aller Elektronen iiber die notwendige Energie verfiigt. Derselbe Bruch- 
teil Elektronen hat bei 3000° K eine Enefgie > 7,5 eV. Im kaliumgepufferten Kohle- 
bogen herrscht eine Temperatur von 3200° K; das Plasma dieses Bogens emittiert 
unter anderem Mn II-Linien, die im Spektrum gut beobachtet werden kénnen. 
Die Ionisationsenergie des Mangans betriigt 7,4eV. Auf Grund dieses Vergleichs 
erscheint es also gar nicht mehr so absurd, daB der auBerordentlich geringe Anteil der 
schnellen Elektronen bei 6000° K in der Lage sein kann die Emission der Cl II- 
Linie zu verursachen und zwar so intensiv, daB sie sich ebenso wie z. B. Mn II 
2576 A im Spektrum des kaliumgepufferten Kohlebogens aus dem Untergrund heraus- 
heben kann. 
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Entsprec hend der Maxwetischen Verteilungsfunktion gibt es auch bei noch so 
niedriger Temperatur in der Entladung Elektronen, die tiber eine vorgegebene groBe 
Energie verfiigen, es werden also eigentlich innerhalb einer hinreichend langen 
Zeit alle Linien eines Elementes angeregt, aber davon wird nur ein geringer Teil 
beobachtet, weil die Intensitét der iibrigen Linien schwicher als die kontinuierliche 
Strahlung ist. Drei Méglichkeiten gibt es, eine derart schwache Linie tiber den 
Stérpegel hinauszuheben 

1. Erhéhung der Linienintensitat 

2. Verminderung der Untergrundintensitat. 

3. Vermehrung der Strahlungszentren. 

Aus der Gl.(1) geht hervor, daB die Linienintensitat durch Temperaturerhéhung 
verstirkt werden kann. Wie verhalt sich dabei der Untergrund? Hierzu ein Bei- 
spiel aus der spektrochemischen Praxis. 

Harvey [3] hat fiir eine groBe Anzahl von Elementen die Nachweisempfindlich- 
keit in verschiedenen Grundsubstanzen bestimmt. Diese Werte beziehen sich auf 
die Anregung im Dauerbogen: die Proben waren in der Anode einer Kohleelektrode 
die Stromstirke betrug 9—11 A. Aus dem reichhaltigen Zahlenmaterial, das von 
Harvey fiir die halbquantitative Analyse zusammengestellt wordes ist, wurde als 
Beispiel die Nachweisempfindlichkeit der Linie Mn II 2576 A ausgewahlt; ihre An- 
regungsenergie betrigt 4.8 eV. die lonisationsenergie des Mangans ist 7,4eV. Da 
aus der Ionisationsenergie der Grundsubstanz in der jeweils das Mangan enthalten 
war, die Temperatur, die im Bogen herrschte, bekannt ist (SEMENOVA [4 kann die 
Nachweisempfindlichkeit in Abhangigkeit von der Temperatur studiert werden. 
Diese berlegungen beziehen sich wohlgemerkt nicht auf die absoluten Linien 
intensititen, sondern auf die Intensitéten bezogen auf den Untergrund neben der 
Linie. Die absoluten Intensititen kénnten aus der Gl. (1) berechnet werden, sie 
interessieren aber nicht, da das Verhiltnis Linienintensitat zu Untergrundintensitat 
bei zunehmender Temperatur im Bogen untersucht werden soll; ein geeignetes Mab 
hierfiir ist die Nachweisempfindlichkeit. Die Temperaturen lagen in unserem Bei 
spiel zwischen 3200° K bei Kalium und 7700° K bei Kohlenstoff als Grundsubstanz. 

Als ,. Nachweisempfindlichkeit sensitivity’ definiert Harvey diejenige Mn-Kon 
zentration in der Grundsubstanz, bei der das Verhaltnis Linienintensitét zur Inten 
aes Untergrunds s neben der Linie 0.5 bet igt 

In der Abb. 4 ist der Zusan mennhang zwischen der Temperatu! und dem Log 
arithmus der Nachweisempfindlichkeit fiir Mn Il 2576 A wiedergegeben. Auf den 
ersten Blick sieht man einen regellosen Punkthaufen, eine Zunahme der Empfind 
lichkeit ist jedenfalls nicht ohne weiteres ersichtlich. Nun mu man aber beriick 
sichtigen, daB der Untergrund bei den einzelnen Grundsubstanzen individuelle 
Struktur aufweist in B. gerade an der betreffenden Stelle im Spektrum 
ein Grenzkontinuum oder ein Molekiilkontinuum der Grundsubstanz liegen. Das 
hat zur Folg aB die Nachweisempfindlichkeit geringer ist, als wenn der Unter 
grund lediglich durch Rekombination [onisation oder andere, allen Elementen 
gemeinsame, nur durch die Temperatur verursachte Vorginge im Plasma hervor 
gerufen worden wire. Beriicksichtigt man das, so ist es sinnvoll, eine Leitlinie an 
den unteren Rand des Punkthaufens zu legen; hierdurch werden diejenigen Punkte 


ausgewahlt. die wahrscheinlich keine individuelle Struktur des Untergrundes an 


dieser Stelle im Spektrum besitzen. Diese Leitlinie weist eine Erhéhung der Emp- 
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findlichkeit zwischen 3000° und 6000° K von 12,5 auf 7,3 p.p.m. aus, also nicht ein- 
mal eine Verdopplung, obwohl nach Tabelle 3 der Anteil der Elektronen mit der 
erforderlichen Energie um den Faktor 10* vergréBert worden ist; da die gesamte 
Anzahl der Elektronen im Bogen als konstant angenommen werden kann (ROLL- 
WAGEN [5]), ist auch die Anzahl der anregenden Elektronen um den Faktor 10‘ 
angewachsen. 

Eine Erklirung fiir die geringe Zunahme der Empfindlichkeit ist, daB die Inten- 
sitat der kontinuierlichen Strahlung fast in demselben MaBe ansteigt, wie die Linien- 
intensitat. Eine Abnahme der Strahlungszentren wegen Bildung von Mn III- 
lonen diirfte wohl kaum in Frage kommen, sondern im Gegenteil kénnte eher eine 
Zunahme von Mn II-Ionen bei héherer Temperatur angenommen werden. 


so 




















3OOO §=6964000 «=6858000 6000 7000 8000 3000 4000 5000 6000 7000 8000 
°K °K 


Abb. 4. Konzentrationsempfindlichkeit in Ab- Abb. 5. Konzentrationsempfindlichkeit in Ab- 


hangigkeit von der Temperatur fiir Mn II 2576 A. hangigkeit von der Temperatur fiir Be I 2349 A. 


In der Abb. 5 ist ein weiteres Beispiel fiir eine Atomlinie gezeigt. Die Anregungs- 
energie fiir Be I 2348 A betrigt 5,4eV. Die Empfindlichkeitszunahme zwischen 
3000° und 6000° K geht von 0,73—0,43 p.p.m.; sie hat also fast genau denselben 
Temperaturgradient wie im ersten Beispiel. 


Diese beiden Beispiele zur Temperaturabhangigkeit der Nachweisempfindlich- 


keit zeigen, wie gering die Chance ist, eine im Vergleich zum Untergrund sehr schwa- 
che Linie durch Erhéhen der Temperatur tiber den Stérpegel hinauszuheben. Die 
beiden tibrigen oben erwihnten Méglichkeiten das zu erreichen, nimlich Verminde- 
rung der Untergrundintensitaét und Vermehrung der Strahlungszentren, sind dagegen 
im P.-Funken verwirklicht. 

Auf Grund aller dieser Uberlegungen kann man also folgende Deutung fiir das 
Auftreten der Linien der Nichtmetalle im Spektrum des P.-Funkens geben: 

Die Bedingungen fiir die Emission der Ionenlinien sind im iiblichen Bereich der 
Spektralanalyse von 2000—7000 A giinstiger, weil dort das Termschema der Nicht- 
metallionen besser paBbt als das der Atome. Im P.-Funken wird aber wegen des ver- 
minderten Drucks ein betriachtlicher Anteil des Materials ionisiert. Wegen der 
groBben riumlichen Ausdehnung des strahlenden Volumens ist trotz des geringen 
Dampfdrucks die Anzahl der Strahlungszentren so groB, daB die Linien der Ionen 
aus dem Untergrund heraustreten kénnen. Giinstig wirkt sich hierbei die starke 
Verminderung der Untergrundintensitaét bei vermindertem Druck aus. 
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V. Zusammenfassung 

Das in einer friiheren Arbeit veréffentlichte Material iiber den P.-Funken bei ver- 
schiedenen Drucken wird gedeutet. Ein Funkenmodell wird berechnet und es ergibt 
sich eine befriedigende Ubereinstimmung von Rechnung und Experiment. Es zeigt 
sich, wie entscheidend die Ionisation und deren Abhingigkeit vom Druck ist. An 
Hand von Termschemata wird versucht, zu erkliren, warum die Bedingungen in der 
Pfeilsticker-Entladung fiir den Nachweis der Nichtmetalle giinstig sind. Beispiele 
aus der Praxis der Spektrochemie lassen erkennen, wie verhaltnismaBig wenig die 
Temperatur das Verhaltnis Linienintensitat zu Untergrundintensitét verandert. 


Meinem verehrten Lehrer, Herrn Dr. H. Kaiser, méchte ich auch an dieser 
Stelle fiir die Anregung zu dieser Arbeit, seine wertvolle Unterstiitzung und seine 
Ratschlage, recht herzlich danken. 
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A developing tank for the uniform development of spectrographie film 


EF. WouTMAN 
Analytical R arch Ir . & 4 re Kleiweg, Rijswijk (Z.H.), the Netherlands 


March 1953) 


Introdu lion. 


Manual methods of development which are used by many spectroscopists, in which the develop 
ing tank is rocked steadily or use is made of a longhaired brush, only prevent the Eberhardt 
eftect ; reproduc ibility and uniformity of dé velopment cannot be achieved in this way. 

lhe production of devices which pretend to give reproducible and uniform development 


has been taken 1h hand by some users and yroducers or s vectrographs ] . 2 as well as Dy 
I J I 


investigators ot emulsion properties 3 |e 4$/).15], 16), j 


In the author’s opinion existing deve loping mac hines or tanks for spectrographic use do 
vive good reproduc ibility, but in many cases the uniformity of development is not attained, 
? 


because of systematic differences in the flow of the developer ; consequently the validity of 


some publishe 1 work dealing with the effect of wave-length on contrast factor. for example, 
is doubtful 
On the other hand many instruments designed by investigators smulsion properties 
fulfil both the requirements of reproducibility and uniformity; but usually tl require a large 
volume of developer, for example, requiring one litre or more of developer for a plate or filn 
up to 25cm long. This is excessive when 75 cm film length is used. Since in order to speed 
t 


up spectrographic analysis rapid developers are sometimes used and these soon lose thei 


activity when oxidised by the atmosphe re, it is extravagant to use a tank of such large capacity 


with rapid deve lopers 


Purpose 


Phe author n t devising an ; ra t the following 


reproadl velopment ot un 1 Strips up to 7 
development uniform along th igth and 
1 tank capa \ f about 250 mil: 

d) minimum chance of damaging 

e) simple hand! n darkness ; 

f) easy to clear 


compa S. 


Descrip 


\ photog ipparatus 
sheet a 343 n il ig, 60 mn i] ia nm wide 


; 


uppe! 


is an eponitt 


6U T.p.m 


torme 
The mt ond 
lhe 


it and a 
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Re sults 


The efficiency of dev elopment was checked with strips ol film 75 cm long, uniformly « xposed 


and developed to a transmission of about 50 The galvanometer deflections all over this 


surface showed a variability statistically similar to that of the galvanometer deflections without 
film in the microphotometer, but with the deflection reduced to about 50% of the full scale 


deflection 


Remarks 


The temperature of the developer must be controlled to if the darkroom temperature 


is not constant the space in the bottom of the machine « enclosed and connected to a 


Wwashihyg um it would 


pre-forming four parallel 


motor drive would 


al wories 
A bsorption 
National 
_ongress 

M. E. Russe, 


of Photography 





THIRD INTERNATIONAL SPECTROSCOPY COLLOQUIUM 
Held at Hiah Leiah Herth rdshire Enaland from ] st to 4th Septe mbe r 1952. 


The contributions to the Third International Spectroscopy Colloquium are, as far 
as possible, being published in this Journal, although it is not possible to bring 
them into one issue. The paper on the calibration of precision slits by R. A. Mostyn 
and R. V. Jury which appeared in Vol. 5, No. 4, was presented in abbreviated 
form at the Colloquium, and some of the material included in the two papers on 
the fundamental vibration bands of hydrogen iodide and of hydrogen bromide 
which appear in the same number was presented by Dr. H. W. THompson to the 
Colloquium. 

On pages 473 to 499 of this issue are published papers presented at the Session 


on Spectroscopic Light Sources (Tuesday, 2nd September 1952). followed by the 


discussion which took place on these papers. 
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Sample preparation in the routine spectrographic analysis of aluminium 


and its alloys 


F. ROHNER 


Working techniques of spectrographic analysis generall\ nd ‘citation conditions 
degree, ti! t 


especially have been developed to such a 


I l is 
in most cases, dependent i 


1 the first place on sampk The relative 
errors trom fiuctt 


uations in the 


excitation from emul 


sion irreguilaritie from tne 


photometric evaluation of line 


densities can easily be con 


trolled so that each of these 
components will amount 

in | But the 

mponent re 


nple nnon 
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that sam ple 
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preparation ot certain 
he samples Mus 
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sam ple prepar 
of metals much thoug t to the 
oft preparatio casting 
(‘asting mproved yutine work 
na plant inalysis sample 


iboratory 
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o be cas per shilt you ¢ 


1 definite poul 


pliant 


i percentag W 
regarding pouring temperature ier handling prescriptions 


rmniust therefore he designed S00 


' as rool proot! is possible 
From 1939-194 used the mould which is shown in Fig.1. This is 


pins of {i mm diameter! It |] 


mould for bottom « lad two drawba ks 
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veral &§ 


uld heated up to temperatures 
with these high mould tem- 
mot were provided 

gain and again that 

vy. 7 in 10 min, which meant 

san ples ind inaccurate analyses 
o the mould because they could 
the samples out the moulds 

ner blows. The result was dis 


iain inaccurate analysis; for 


well aligned in the spark 


mould types to improve these 


ld which is shown in Fig. 2. This 


unsatis! 


mould | 1947. After having given satis 


ids for all our other plants in 1950. 
ne we used before. It is a top pour 
Moreover it is fitted with integrally 

heat conductivity of aluminium 
too high. even when the mould 
The pins from this mould 

n so far as the pins, even in high 

normal handling. The 44} mm pins 


ensure that the mouk 
is continuously 
have a diameter o 


purity Liuminium ire 


resist 


from the old mould bent too « \ for the sake of chilling rate the pin diameter 


new mould the sample can freely contract 
no sti king to the mould occurs 

lal casting alloy (5-0% Si, 0-7 % Mg 0-7 % Mn). 
require 


could not he iIncreaset there 


in any direction when solidifying and 


These moulds are cast in Anticoror 


machined and anodised. They much less machining than our former iron 


moulds and are therefore less expensive. A definite improvment in sample homo 


genity and analysis accuracy can be demonstrated for most alloys and elements. 
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Sample preparation in the routine spectrographic analysis of aluminium and its alloys 


We found it very pronounced for magnesium in Y Alloy (4% Cu, 2% Ni, 1-5% Mg). 
Samples were cast in the two moulds from one and the same melt. 30 spectrograms 
from each of the samples gave a mean quadratic error in the magnesium deter- 
mination of 3°6% for the new aluminium mould as compared to + 4:7% for 
the old iron mould. The samples from the aluminium mould could be shown metallo- 
graphically to have a much finer structure than the sample from the iron mould 
(Fig. 3, right: aluminium mould, left: iron mould) 


For the analysis of pure aluminium and of Raffinal (99-99% Al) we spark or 


arc two 6mm electrodes with hemispherical tips against one another. For most 


alloys we spark one sample electrode with a hemispherical tip against a graphite 


counter electrode with a conical tip. We have also experimented with disk samples 
against graphite- and high purity aluminium—counter electrodes. For the analysis 
of pure aluminium and Raffinal the pin technique is definitely preferable; it gives 
higher sensitivity and better accuracy. For the analysis of alloys both techniques 
can be used with equal success. Where samples cannot be taken from the melt 


i.e. for the analysis of semi-fabricated and finished products the point to plane 


technique may have its advantages 
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Probleme der Leuchtanregung im elektrischen Funken 
JAN VAN CALKER 
Westfalen 


trochemical determination of the components of an alloy, 


This becomes evident from 
} 


it of variation of the inten vy of the lines ime during 


Summary—For the quantitative spe 


meters of the spark source are of fundamental importance 


is nole apart 


+ composition of t \ the effect of the diff nt allov-components on the 
bserved These | | i to the metallographi« 


} hyr 


it equll 


Die Leuchtanregung im elektrischen Funken gehért noch immer zu den in det 


Spektrochemie am haufigsten angewandten Methoden zur Gewinnung der Spektren 


Untersuchungsmaterialien, obwoh! unsere Kenntnisse iiber den elektrischen und 
optischen Mechanismus gerade dieser Entladungs 
art noch sehr liickenhaft sind Die Vielzahl 
der Faktoren. di in dem Zustandekommen des 


Spektrums einer Funkenentladung beteiligt sind 


aer 


zeigt sich besonders deutlich. wenn Elektroden 
material verwendet wird. in dem gleichzeitig 
mehrere Elemente enthalten sind Andert 
dessen Zusammensetzung svystematisch. so et! 
t man im allgemeinen einen linearen oder 


einfachen Zusammenhang zwischen 


warte 


mindestens 


ler Konzentration und den Intensititsverhalt 


tit 
nissen der heteiligte n Linien Neben Re obac ht ingen 


an zahlreichen Systemen. die dieser Erwartung 





in allen Einzelheiten entsprecher kennen wil 


heute viele Kombinationen von Elementen, bei 


dene haufig nur in einem beschrinkten Kon 
zentrationsbereic! scheinbar unsystematische 


St6rungen des Anregungsmechanismus vorliegen. 


So beobac hten wil | 7 im Svstem Cu As zgwischen 0.3 und ie As 


auffiallige Verschiebung der Kichgeraden Abb | und auch unsere ntel 


eine g 
dali ganz ge 


suchungen tiber das Problem der dritten Analysenpartner [2] zeigt 
ringfiigige Variationen in der Zusammensetzung des Elektrodenmaterials folgen 
schwere Verinderungen im Entladungs- und Anregungsmechanismus der Funken 
verursacnen. 

Wir wissen heute, daB ein Teil der Erscheinungen 
Elektroden und die Entstehung von isolierenden Oxvdschichten zuriickzufiihren 


ist. Diese bedingen einen ungleichmabigen Funkeniibergang. Man beobachtet Ziind 
Funken. Gelegentlich kriecht die 


iuf Schlackenbildung auf den 


verzogerungen und Spannungssteigerungen am 


Entladung auch an den Elektroden empor, und es bilden sich die von Kaiser und 
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Watrarr [3] beschriebenen Ubergangsformen zwischen Funken- und Glimment- 
ladung aus. 

Elektrodenmaterial, bei dessen Verwendung sich anomale Funkenentladungen 
der beschriebenen Art ausbilden, laBt sich natirlich nicht an Hand einer Legierungs- 
reihe analysieren, deren Elektroden ungestérte Funkenfolgen liefern. Unterdriickt 
man aber die Oxydationserscheinungen in der Funkenstrecke durch Einsetzen einer 
Spektralkohle als wntere Elektrode, dann bleibt die metallische Oberflache der 
oberen Elektrode erhalten, die Funkenentladung geht jetzt ungehemmt iiber, und 
ihre Spektren liefern reproduzierbare Analysenergebnisse. Ganz allgemein beob- 
achtet man hiaufig bei 
Verwendung einer un- 
teren Kohlegegenelek- 


. 





; ° STREUUNG 
trode eine verminderte +o-8 


Streubreite der Inten- 
sitatsverhaltnisse bei 
mehrfacher Wiederho- 
lung ein und derselben 





Aufnahme, wie dies am 
Beispiel einer Bleilegie- 





rung mit 4% Cadmium 
in Abb. 2 gezeigt wird. 

Wahrend man in 
der beschriebenen Weise 





die Oxydationsvorginge 
weitgehend unterdriik- 
ken kann. besteht Abb. 2. Streubreite des Intensitaétsverhaltnisses der Analysenlinien 


an- 
dererseits die Méglich- 


einer Legierung Pb + 4% Cd im Zusammenhang mit der 


. ’ Elektrodenanordnung. 
keit, die Entladung da- 


durch zu stabilisieren, da} gerade ein sehr stark zur Oxydbildung neigendes Element, 
wie Aluminium, Magnesium oder dergleichen, als Gegenelektrode verwendet wird. 
Dann iiberziehen sich beide Elektroden mit einem dichten weiben Oxydbelag, die Ent- 
ladung konzentriert sich, wie unter anderem T1BoR TOROK [4] zeigen konnte, auf eine 
eng umgrenzte Flache, und die Spektren geben gut reproduzierbare Intensitits- 
verhaltnisse der Linien von Grund- und Zusatzelement und auch der Entladungs- 
charakter, kontrolliert durch die Intensitatsverhaltnisse der Funken zu den 
Bogenlinien des Grundelementes, bleibt konstant. R. Berta und A. Patisca [5] 


benutzen so Bi als Gegenelektrode zur Stabilisierung der Entladung bei der Analyse 
von Kupferbronzen. 

In beiden Fillen also, sowohl bei der Verwendung von Kohle als Gegenelektrode, 
wie bei der Bestéubung der Analysenstrecke durch das Oxyd einer stark oxydierenden 


metallischen Gegenelektrode, wird der Funkeniibergang durch einen Eingriff in den 
elektrischen Entladungsmechanismus stabilisiert. Ob dabei durch die neu der 
Funkenstrecke zugefiihrten Bestandteile auch die spektralen Anregungsprozesse 
unmittelbar beeinfluBt werden, laBt sich heute noch nicht mit Sicherheit entscheiden. 
Immerhin kann man zeigen, daB die spektroskopischen Eigenschaften aller in der 
Analysenstrecke leuchtenden Elemente fiir das gesamte von ihr ausgesandte Licht 
auBerordentlich bedeutungsvoll sind. 
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Fiir das spektrochemische Verhalten eines Elementes sind unter anderem maB- 
gebend: Die Anregungsspannungen und Anregungsfunktionen seiner wichtigsten 
Linien, seine Ionisierungsspannung und der Charakter des ganzen Spektrums, je 


nach der Anzahl der Linien, ihrer Starke usw. 

Die Anregungsfunktion liefert bei Anregung durch ElektronenstoB den funk- 
tionalen Zusammenhang zwischen der Intensitaét einer Spektrallinie und der zu 
ihrer Erregung bei festgehaltenem Druck erforderlichen Elektronenenergie. Auch 
fiir die Anregung im Fun- 
ken wird sich also die 








Anregungsfunktion  un- 
mittelbar auswirken. 
Die typischen Funken- 
folgen, wie sie z. B. der 
FrussNerRsche Funken- 
erzeuger liefert, sind zu- 














sammengesetzt aus ein- 
zelnen Oszillationen, in denen sich die Kapazitat des Schwingungskreises entladt 
Die Energie nimmt also von der den ersten Durchschlag bewirkenden Teilentladung 
zu jeder folgenden um einen bestimmten Bruchteil ab, bis schlieBlich die Span 
nung am Kondensator unter die Ziindspannung abgesunken ist. 


Wir haben also. unter Beriicksichtigung der unterschiedlichen Drucke, Verhalt- 
nisse im Funken, die mit denen in einer ElektronenstoBbapparatur unmittelbar ver- 
glichen werden kénnen In beiden Fallen dienen systematisch steigende bzw. 
fallende Elektronenenergien zur Linienanregung, nur mit dem Unterschied, daB in 
—— der ElektronenstoBanordnung mit 


rx 
4a a ee es einheitlichen Elektronenenergien 


: gearbeitet wird, wihrend in den 





einzelnen Zeitabschnitten des Fun 
kens jeweils Max well-Verteilung der 
Klektronenenergie vorliegen diirfte. 





Eine stroboskopische Auflésung 
des spektralen Leuchtens gesteuer 
ter Funkenentladungen muB also 
einen zeitlichen Intensititsverlauf 





der verschiedenen Linien ergeben, 
—— der von den jeweiligen Anregungs- 
funktionen stark abhangig ist. 

Wir [6] haben nun mit einer Drehspiegelanordnung, die synchron mit dem Unter- 
brecher des FeussnNerRschen Funkenerzeugers rotiert, die einzelnen Teilentladungen 
des Funkens so voneinander raumlich getrennt, dab wir die verschiedenen zeitlichen 
3ereiche nacheinander auf den Spalt des Spektrographen abbilden kénnen. Die 
Spektren, die sich auf diese Weise von ein und demselben Elektrodenmaterial aus 
verschiedenen Zeitabschnitten des Funkens gewinnen lassen, zeigen nun in der Tat 
erhebliche Unterschiede. Wir beobachten mit unserer Anordnung in Ubereinstim- 
mung mit ANTHEUNISSENS [7], dab Bogenlinien zu Beginn der Entladung mit 
geringer Intensitat erscheinen, um dann zu einem Maximum anzusteigen und gegen 
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Ende des Funkens relativ langsam wieder abzufallen. Funkenlinien dagegen sind 
gleich zu Anfang sehr intensiv und fallen dann sehr steil zu geringen Intensitaten ab. 
In diesen Intensitaétsverlauf geht neben der Elektronenenergie natiirlich maB- 
geblich der Dampfdruck des Elektrodenmaterials mit ein. Gliicklicherweise ist nun 
die Anregungsfunktion der Cd- 
Kombinationslinie 3500 A weitge- / | | 
hend unabhingig von der Elek- 4 - + 
tronenenergie (Abb.3), so daB die | 
Intensitaétszeitkurve dieser Linie 
im wesentlichen den Verlauf des 
Dampfdruckes in den verschiede- 
nen zeitlichen Bereichen der Ent- 
ladung wiedergibt (Abb. 4). Dieser 
Dampfdruckverlauf gilt nun aber 
selbstverstindlich auch fiir alle 

















iibrigen Linien des Cd und be- 
einfluBt den Verlauf ihrer Inten- 
sitatszeitkurven*. 

‘5 "oo 10 or oF Os- i 

Ein Vergleix h der Anregung: 6 * 3 
funktionen des Cd-Tripletts 3252, VOLT —————_ 


3133 und 3081 A mit den dazu Abb. 5. Anregungsfunktionen der Cd-Triplett-Linien 3252, 
3133 und 3081 nach LarcHE [8]. 














gehorigen Intensitaitszeitkurven 


(Abb. 5 und 6) zeigt den unmittel- 
baren Zusammenhang. Nicht nur der Verlauf der Kurven wird annahernd 


richtig wiedergegeben, sondern auch die Intensitétsverhaltnisse entsprechen in 


beiden Darstellungen der ORNSTEIN-BURGERschen Intensititsregel. 





Das gleiche gilt von den entsprechenden 
Kurven fiir das Zn-Triplett der analogen 
Anregungsstufe 3345/6, 3302.7 und 3282; 
2° P, — 3° D, « (Abb. 7 und 8). 

Da in den gewihlten Darstellungen die 
Intensitatszeitkurven mit kleinen Abszissen- 
werten (Zeit) bei hohen Elektronenenergien 
beginnen, wahrend die Anregungsfunktionen 
mit kleinen Elektronenenergien anfangen, 
verlaufen sie gewissermaBben umgekehrt wie 
die letzteren. Einem steilen Anstieg der An- = 
regungsfunktion entspricht ein relativ sanf 308) ~S—~4_ SF 
ter Anstieg der Intensitatszeitkurve bei Cad " eS 











mium, waihrend dem flachen Anstieg der An- eT. 
regungsfunktion des Zinks ein steiler Anstieg der Cd-Linien 3252, 3133 und 3081. 
der Intensitatszeitkurve des Zn entspricht. 

Wenn sich so die Anregungsfunktionen der verschiedenen Linien unmittelbar in 
deren zeitlichem Verlauf auswirken, ist selbstverstandlich, daB auch alle anderen 
Linien diesen Intensitaétsverlauf maBgeblich beeinflussen. Denn jede Linie hat ja 
entsprechend ihrer Anregungsfunktion fiir Elektronen einer bestimmten Energie 


* Einzelheiten hierzu vergl. Dissertation E. Tackr, Minster 1953 


479 





J. VAN CALKER 


entsprechend der Lage ihres Maximums einen besonders hohen Wirkungsquerschnitt . 
Fiir alle iibrigen Linien, die gleichzeitig emittiert werden, stehen also Elektronen 
dieser Energie in geringerer Anzahl zur Verfiigung, als wenn das Element, zu dem 
die fragliche Linie gehért, nicht in der Lichtquelle vorhanden wire. 

Durch den angedeuteten Mechanismus 





werden sich also vielleicht einige der Inten | 


sitatsverschiebungen erkliren lassen, die Bp 
i 





beim Einbringen gewisser Elemente in die 
Lichtquelle in deren Spektrum auftreten. 

Neben den vorstehend behandelten Aus 
wirkungen des elektrischen Entladungs- 
mechanismus auf die spektralen Anre- 





5 











3 


) 





gungsprozesse soll nun noch auf die Bedeutung der thermischen und metallo 
graphischen Eigenschaften des Elektrodenmaterials eingegangen werden 

Im Rahmen eine! Untersuchung iiber die 
Bedeutung ,,Dritter Analysenpartner‘‘ wurde 





eine Legierungsreihe Sn 2% Bi n% Cd 
hergestellt, bei der also das Mengenverhiltnis 
von Zinn zu Wismuth immer konstant gehalten 


wurde, wihrend steigende Cadmiummengen hin 





zugelegt wurden. Das System wird also. ins 





besondere bei hohen Cadmiumkonzentrationen 
im wesentlichen durch die beiden Partner Sn 
und Cd bestimmt 
Das Zustandsdiagramm des Systems Sn-Cd 
Abb. 9) zeigt, daB die beiden Metalle im 
fliissigen Zustand vollkommen miteinander 
mischbar sind, wihrend sich im festen Zustand 
eine Mischungsliicke fast itiber den ganzen Kon 
zentrationsbereich erstreckt. Der eutektische Punkt liegt bei 177° und 33% Cd 
bzw. 67 Sn. Dieser Sn-reiche Mischkristall zerfaillt bei etwa 128°C in ein 


Eutektoid aus Cd-reichem Mischkristall mit etwa 0.2% Sn und Sn-reichem Misch 
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kristall mit etwa 98% Sn. Die charakteristischen Konzentrationen des Systems 
liegen bei etwa 33% Cd und 4% Cd. Im ersten Fall liegt ein Eutektikum, im 
zweiten Fall ein Eutektoid vor. 

Besteht nun irgendein Zusammenhang zwischen den Anregungsprozessen in der 
Funkenstrecke und den metallographischen Verhiltnissen des Elektrodenmaterials, 
so muB sich dies auf den spektralen Charakter der Entladung, ausgedriickt durch die 
AY-Werte von ,,Fixierungspaaren”“, d.h. von Funken- und Bogenlinien der be- 
teiligten Elemente auswirken. 

Die Abb. 10 zeigt das Ergebnis unserer Messungen an den Linienpaaren Sn 
II 3352/Sn I 2913, Sn Il 3352/Sn 1 3142 und Cd II 2573/Cd I 3133, die die Uber- 
legung bestitigen. Die A Y-Werte aller drei Linienpaare zeigen charakteristische 

Extremwerte gerade bei den Konzen- 





trationen, die auch im Zustandsdiagramm 
besonders ausgezeichnet sind. Es ist be- 


merkenswert, daB auch die Linien des Bi, 


| 























Abb. 10 1 Y¥-Wert« 1er Ani aare I 330 DD erte er Lini« npaare Sn I 2913 
Sn 12913 (Kurve I) 8: 3352 $142 .ur si I 28 Curve ind Sn I 3142/Bil 2898 (Kur- 
ve II) und Cd II 2573/C 3133 rve in v in einer Legieru! ih n2% Bi+n % Cd 
einer Legierungsreihe Sr Abhangigkeit von der i-Konzentration. 


A bhangigkeit 


welches dem System in festem Konzentrationsverhaltnis zum Sn zulegiert ist, die 
entsprechenden Schwankungen bei den kritischen Cd-Konzentrationen, wie Abb. 11 
zeigt, mitmachen*. 

Gleichzeitig beobachtet man, wie die durch den dritten Partner, das Cadmium, 
verursachte Anderung des spektralen Charakters sich, auch abgesehen von den singu- 
laren Stellen, iiber den ganzen Konzentrationsbereich auf die A Y-Werte der Sn- 
zu den Bi-Linien, also ,,Analysenlinienpaare‘‘, die bei festgehaltenem Konzentra- 
tionsverhiltnis an und fiir sich konstant sein sollten, auswirkt. DaB alle Kurven 
bei hohen Konzentrationen oberhalb 60% Cd eine Anderung ihrer Richtung auf- 
weisen, liegt sicher an den verinderten Oxydationsverhiltnissen, die sich schon 
aiuBerlich durch den Oxydbelag erkennen lassen und fiir unser Problem hier auBer 
Betracht bleiben kénnen. 


* Einzelheiten hierzu vergl. Dissertation R. Wrenecke, Miinster 1953. 
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Auch an anderen Legierungsreihen beobachteten wir in den Konzentrations- 
bereichen, in denen das Zustandsdiagramm Besonderheiten aufweist, Anomalien 
der AY-Werte von ,,Analysen- und Fixierungspaaren’. Da sich an den Stellen, wo 
ein Ubergang von einem Mischkristall zu einer heterogenen Phase oder ein eutek- 
tischer Punkt vorliegt, das Gefiige der Legierung stark Andert, ergibt sich aus diesen 
Beobachtungen unmittelbar eine Wechselwirkung zwischen dem metallographischen 
Verhalten des Elektrodenmaterials und dem Anregungsmechanismus im Funken. 


Zusammenfassung 
Fiir die quantitative spektrochemische Bestimmung der Bestandteile von Legie 
rungen sind die Parameter der Leuchtanregung von ausschlaggebender Bedeutung. 
Dies zeigen Messungen des zeitlichen Verlaufs der Linienintensitaét der beteiligten 


Elemente, die in Beziehung zu den zugehérigen Anregungsfunktionen gebracht wer 
den. Durch Variation der Zusammensetzung der Legierungen l4Bt sich die Auswir- 
kung der verschiedenen Legierungspartner auf den Intensitaétsverlauf der Spektral- 


linien beobachten. Es ergeben sich Zusammenhainge mit dem metallographischen 
Verhalten der Legierungen, so wie dies dem Zustandsdiagramm zu entnehmen ist. 
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The behaviour of various metals in emission spectrography 
MavuRIceE MILBOURN 


Research Department, Imperial Chemical idustries Ltd., Metals Division 


Summary—Observations have been made on changes in spectral density caused by variations 
in electrical parameters using the General Purpose source unit* with samples of aluminium, 
copper, iron, lead, magnesium, nickel, tin, titanium and zin Although observed changes 
were very different for each metal, a broad classification may be made into three groups, 
namely (1) aluminium and magnesium, in respect of which only degree of damping has any 
considerable effect, (2) copper, iron, nickel and titanium with which in general greater density 
is obtained when the sample is the negative electrode; with these metals greater density is also 
obtained when the metal forms the positive electrode to an underd amped discharge, and (3) lead, 
tin and zine, with which spectral density is consistently greater with negative polarity 

By correlating the observations with selected properties of the metals, indications have been 
obtained that volatilisation of the metal may be influenced by its atomic weight, the stability 
of its oxide and the direction of the electron stream with respect to the metal, but not to any 
great extent by melting or boiling point, ionization potential, thermal conductivity or work 
function. With the second group of metals, it has also been established that when the sample 
Is positive the low voltage discharge conditions the surface in such a way as to render it more 
amenable to attack by the trigger discharge. Certain conclusions of minor practical importance 
have been drawn from this work, but the main conclusion is that the influence of electrical 
parameters cannot be considered independently of the metal under test At the same time, the 
observations, although to a large extent unrelated, provide a new outlook on spectral problems 
and a foundation on which further work can be based. 


Introduction 

In the course of spectrographic work on various metals, including copper, aluminium 
lead, zine, iron and steel, etc., differences in behaviour have been observed from time 
to time, but hitherto no attempt has been made to correlate such differences or to 
study them systematically. It has been customary, in fact, to develop techniques 
for the testing of any one metal solely by observing the effects of various parameters 
on its spectrum. Experiments have been conducted therefore in which the effects of 
various parameters on spectral density have been studied systematically in respect 
of several metals. At the same time, the observations have been correlated with 
physical properties, in an attempt to find reasonable explanations of spectrographic 
behaviour, and to define new principles which might well be of value in guiding the 
establishment of techniques to be used for specified metals and alloys. 

Some years ago, a detailed study was made of the behaviour of copper and its 
alloys in a direct current are discharge [1]. The conclusions were that volatilization 
of copper into the arc column is due to the intermediate formation of copper oxide 
on the cathode, and that excitation of many copper and impurity radiations is fre- 


quently confined to the portion of the discharge in the immediate vicinity of the 


cathode, more uniform excitation conditions being established when there is an 
excess of copper vapour. An arc discharge, however, is somewhat unreliable, because 
the electrical parameters are determined by the conditions obtaining in the discharge 


* Designed by The British Non-Ferrous Metals Research Association. 
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itself, and it is being replaced to an increasing extent by controlled sources such as 
the General Purpose source unit. The latter has been employed in all the work 


described in the present report. 


Experimental work 

Tests were made on samples of aluminium, copper, iron, lead, magnesium, nickel, 
tin, titanium and zine. The majority of the work was conducted using blocks of 
metal } to 4 in. thick, having a flat area with dimensions of 3 or 4 in. All materials 
were of commercial purity, and included, for instance, aluminium of a good pure qual 
ity, high conductivity and arsenical copper, a section of a titanium ingot prepared from 
sponge, ete. The flat surface was prepared by milling or turning, or, for softer mate- 
rials, by rolling 

The electrodes of the discharge were the flat surface of the metal and a graphite 
rod 10 mm in diameter with an 80° conical point. The sample was either the cathode 
or the anode, both polarities being studied. A capacity of 12uF with 0-06 mH 
inductance, or of 50 uF with 0-25 mH was used in the low voltage circuit, thus allow- 
ing a resistance of 1, 5 or 10 Q to provide an under-damped, a critically damped or 
an over-damped discharge respectively. Length of discharge was either 2mm or 
4mm, and two successive exposures each of 15 sec duration were made with the 


capacity of 50 uF, whereas two similar exposures each of 60 sec duration were made 


with the capacity of 12 uF. It will be noted that the product of capacity and ex- 
posure time was approximately constant. 

In all, therefore, five parameters were studied, namely, time in the discharge at 
which the exposure was made, at 2 levels; discharge length, at 2 levels; degree of 
damping at 3 levels; value of capacity, at 2 levels; and polarity at 2 levels. Forty-eight 
tests, including all combinations of these parameters, were made on each of the nine 
metals, spectra from a particular metal being included on the same photographic 
plate. Density of a line typical of the metal concerned was measured in each spec- 
trum, the results being presented graphically in Fig. 1. Relevant physical proper- 
ties of the metals are included in Table 1. 


Observations on spectra and effects of parameters 

The densities of carbon lines and cyanogen bands arising from the graphite electrode 
were consistently stronger when this electrode formed the negative pole. At the 
same time, the under damped discharges provided the strongest carbon spectra. 

Although the spectra from the various metals were very different, an attempt 
was made to place them in order of spectral density. Indications were that copper 
provided weak spectra, and magnesium and lead dense spectra, those from the re- 
maining elements being intermediate in density. The data in Fig.1 do not illustrate 
this fact, as the measured lines were chosen solely to be of reasonable density. 


Pe riod OT ¢ rposure 

The effect of delaying exposure until the discharge had been running for some time 
was, in general, not very great. Some increase in density was noticeable with titanium, 
nickel and copper when the sample was the negative electrode, more particularly 
with the 50 uF capacity, and also with magnesium, in conjunction with the 12 uF 
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capacity. A similar effect was apparent 
with tin and lead when the sample was 
the positive electrode. 


sublim 


Discharg: le ngth 


Often the spectrum from a 4mm discharge 


Ti,O, 


was denser than that from a 2mm dis 
charge, more particularly with lead, tin and 
zinc, used as the negative electrode, indicat- 
ing that the distribution of radiated inten- 
sity across the width of the discharge was 


decomp 


substantially uniform. In other instances 
there was no great dependence of spectral 
density on discharge length suggesting that 
radiations were confined mainly to the 
vicinity of the electrodes. With copper, 
nickel or iron as the positive electrode, 
however, the 2 mm discharge prov ided the 
stronger spectrum with nominally critical 
damping. 


De gree ol dam ping 


With magnesium and aluminium as positive 
or negative electrode, and with zinc used 
as the positive electrode, spectral density 
increased consistently as the discharge was 
changed from over-damped to critically 
damped and finally to the under-damped 
condition. Discharge currents, measured 
with a R.F. ammeter, varied in the same 
way, as indicated in Table 2. In other 
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instances, degree of damping did not greatly 
affect spectral density, but with copper 


iron, nickel and titanium, as the positive 


Table 


electrode, an under-damped discharge gener 
ally resulted in a dense spectrum. 


{/uminium 


Capacity 
In the tests under discussion, the use of a 


larger capacity was expected to increase 


©) 


spectral density, and a _ proportionately 
decreased exposure time was therefore 


Point 
number 


employed. Under such conditions, changes 
in capacity had little effect, except in a 
few instances where the lower capacity re- 








lonization Potential 
Thermal conductivity 
Work function 
Stability of oxide 


Boiling Point ( 


Meltin 
Atomik 


sulted in greater density, as for example 
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when copper, nickel or tin was used with positive polarity. With aluminium as the 
negative electrode, however, the higher capacity was the more efficient. 


Polarity 

With lead, tin and zinc, spectra were consistently denser when the sample was the 
negative pole, whereas there was a slight effect in the opposite sense with magnesium 
and aluminium. Copper, iron, nickel and titanium formed an intermediate group 


in which weaker spectra were asso 
. Table 4 Discharae currents provided by G P SOUTCE 
ciated with positive polarity except J 

. : unit with specified electrical conditions 
when the discharge was under grt 
Currents measured with R.F. ammeter in 


damped. with discharge 





Interactions hetween param ters 


Definition of the effects of the 
various parameters, contained in the 
foregoing paragraphs, indicates that 
none had a specific influence, the 
magnitude of which was independent 
of the level of other parameters 
Thus, several anomalies have already 
been quoted, and there were many 
others involved in what are evi 
dently complex relationships. For 
instance, by way of further example 
attention may be drawn to the re 
sults obtained with copper iron 





nickel or titanium as positive ele 


trode, these being hitherto regarded as a substantially homogeneous group. Again 


the effect of degree of damping is not only different for each metal, but interacts 
also with capacity and discharge length the behaviour of each metal being In 
consequence, highly individual. It may be noted that the particular interaction 
between degree ot damping and discharge length may arise because the resistance 
in circuit is increased by lengthening the discharge, thereby modifying the degree 
of damping. 


Discussion 

Although the parameters studied in this series of experiments have been limited 
both with respect to number and level, the first and obvious conclusion is that each 
metal has a highly individual pattern of behaviour. Nevertheless, certain general 
features emerge. Thus, ignoring minor differences, the metals may be divided broadly 
into three groups, namely, (1) magnesium and aluminium, with which there is only 
a negligible polarity effect and a consistent change in spectral density due to degree 
of damping, (2) copper, iron, nickel and titanium, which in general volatilize more 
readily when the sample is the negative electrode, but which provide dense spectra 
when used as anode with an under-damped discharge, (3) lead, tin and zinc, in respect 
of which the polarity effect is most pronounced, in that volatilization is much greater 
when the sample is negative. 
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Consideration of the properties recorded in Table 1 in conjunction with this 
grouping indicates that the latter is not the consequence of similarities in melting 
or boiling points, ionization potentials, thermal conductivities or work function 
values. On the other hand, stability of oxide, or « 


f other compounds formed on the 
metal surface, may well be of importance, but titanium then should be classified 


with aluminium and magnesium rather than with copper and iron 


The grouping 
is most closely allied to order of atomic number 


bit 


or of a factor closely related to 
it Zinc then forms an exception In that its atomic number is nearer to those of 
copper and nickel than those of tin and lead. The spectral behaviour of zinc, in fact 


classifies it with lead when it is the cathode. and with aluminium when it is the anode 


Previous work established that volatilization of copper from the negative electrode 


is due to the formation there of oxide. and now Ik 


ids to the supposition that similar 
effects, possibly involving other compounds, occur with iron, nickel and titanium 
his argument mig lso apply to tin, lead and zinc, but certainly not to magnesium 
utilise equally readily from cathode inode. However 

effected when sample is the ca 
to the action of the electron 


ind magnesium may arise be ause 
t became apparent that certain 


lementaryv tests were accordingly 


With 
copper 
streaks 


quite 





The behaviour of various metals in emission spectrography 


green streaks retained their intensity for a few seconds, but thereafter faded rapidly, while the 
spectral background disappeared immediately. Thus, it was evident that the copper spectrum 
was being energised mainly by the trigger, and no copper vapour entered the much larger volume 
occupied by the low voltage discharge. 

These observations were extended by comparing two spectra, the first of which was produced 
using an under-damped discharge with 12 uF capacity, the sample forming the positive elec- 
trode, while to obtain the second the same conditions were employed during the pre burn period, 
and the low voltage discharge was only switched on for one second at 5 sec intervals throughout 
the exposure. There was no difference between the densities of the two spectra obtained with 
copper, iron and titanium, whereas that obtained by the first method was the stronger with 
zine and aluminium, and to a lesser extent with lead. 

Observations on the attack by the discharge indicated that, when the sample was used 
as positive electrode in conjunction with an under-damped discharge, a comparatively large 
area of the sample was cove red with a black deposit, which appeared to be carbon. There were 
other differences between burn marks resulting from attack by the various discharges; these 
} 


were thought at one time to be significant, but many discrepancies and anomalies have been 


noted in comparing them with corre sponding spectra, and they are therefore not detailed here. 


Supple mentary tests on distribution of radiation across the discharge 

In commenting on the effect of arc length on spectral density, it was suggested that, 
in certain instances, radiations might be stronger near the poles. Spectra were 
therefore recorded from aluminium, copper, lead and titanium, an image of the 
discharge being focussed on the slit, thereby allowing the distribution of intensity 
across the discharge to be studied. This distribution was substantially uniform 
with aluminium and titanium, under a representative range of conditions, but copper 
arc lines tended to be stronger near the sample when it formed the negative electrode, 
and lead are lines behaved similarly when the sample had the opposite polarity. 
Lead spark lines were concentrated in the vicinity of the poles under a variety of 
electrical conditions. 

One noteworthy feature was the uniformity of distribution of all copper radia- 
tions when the metal formed the positive electrode, although it has been established 
that excitation is due almost entirely to the trigger discharge under these conditions. 
Brass spectra demonstrated very similar effects in respect of both copper and zinc 
radiations, the behaviour of zinc being in fact, controlled by that of copper. This 
factor may contribute to good reproducibility in the estimation of zinc in brass. 

Carbon lines, and lines due to impurities in the graphite, such as calcium and 
titanium, generally arose from the region in the vicinity of the graphite electrode. 
Oxygen and nitrogen lines were also observed in the same region, particularly with 


under-damped discharges. 


Conciusions 

The work reported here comprises mainly a number of observations, which, because 
they are apparently unrelated, do not lend themselves readily to the forming of 
theoretical deductions. Indications are, however, that factors which may be of 
importance in determining spectral behaviour include atomic number of the sample 
stability of oxides or other compounds which may be formed at high temperatures, 
direction of the electron stream with respect to the metal, and conditioning of the 
sample by the low voltage discharge. 

The observations make it clear, however, that the effect of electrical and other 


parameters on spectra can only be considered in relationship to the metal under test. 
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There has been a tendency in tne spectrographic literature to make theoretical 
deductions on the effect of electrical parameters and to apply them generally to all 
types of electrodes. Thus, Kaiser [2] deduced that spectral behaviour could be 
defined in terms of the total energy consumed by the source and the length of time 
occupied by each individual discharge. His experiments, however, had been con- 
ducted with magnesium, and different results might well have been obtained with 


a material which behaves in a less regular way. 


Practical considerations 
No observations have been made in the course of this work on the behaviour of 
impurities or added constituents in the metals considered. Such observations should 
of course be included in any comprehensive survey of spectrographic behaviour, but 
the present work may be regarded as a foundation on which guiding principles could 
be built 

Continuous background may be a troublesome feature in the interpretation of 
spectra, particularly when corrections have to be made to measured line density. 
As a general guide, the present work indicates that the line to background ratio is 


likely to be greatest when the sample is the negative electrode and an overdamped 


discharge is employed. 

There is some slight evidence for assuming that electrical parameters may have 
1 greater influence when the sample is the positive electrode and that parameters 
ssociated with the sample will exercise a greater influence with the opposite polarity. 
Chis has received support from recent tests on 85/5/5/5 copper-zinc-tin-lead alloys 
in which the use of an under-damped discharge with sample positive provided much 
more favourable results than those obtained in previous tests, the results from 
which had apparently been upset by inter-element effects and the presence of com 
plex phases. 

No firm conclusions can be drawn as to the techniques which should be used for 
the analysis of titanium. This metal certainly behaves very differently from alu 
minium and magnesium, but it is also sufficiently different from copper, iron and 
nickel to warrant separate investigation. 

The value of this work probably lies in the fact that it provides a new outlook on 
spectral problems and a foundation on which further work can be based. The mecha 
nism of electrical dis harges 1s clearly a very complex phenomenon and future 
work on its elucidation can only be sporadic. Such work should probably include 
observations on the behaviour of impurities, on the effect of atmospheres other than 

wnd 


‘ 


microscopic examination of sections of burn marks on various metals. 
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Die Intensititsverteilung von Spektrallinien in Gasentladungen * 
KARL LANG 


Institut fiir angewandte Physik der Technischen Hochschule in Wien 


Summary—lIn discharges in neon excited by direct current, by 50 cycle and by 23 megacycle 
alternating current, interferometric measurements have been carried out on the spectra. The 
intensity distribution of various lines at different pressures has been measured, and compared 
with the calculated intensities. Finally observations are recorded on the strong pressure- 


broadening of certain groups of the neon and argon spectra. 


Einleitung 
Die verschiedenen Ursachen, die eine Verbreiterung von Spektrallinien bewirken, 
lassen sich in zwei Gruppen einteilen. In die erste Gruppe fallen jene Effekte, die 
eine von der Gasdichte unabhingige Verbreiterung hervorrufen: 

1. Die Strahlungsdimpjfung, die die von den Anregungsbedingungen unabhingige 
natirliche Linienbreite hervorruft. 

2. Der Dopplereffekt, der die von der Temperatur abhingige Dopplerbreite ver- 
ursacht. 

Die zweite Gruppe umfaBt jene Effekte, die eine von der Gasdichte abhingige 
Verbreiterung bewirken: 

1. Die StoBdimpfung. Man unterscheidet hier, je nachdem, ob die strahlenden 
{tome mit gleichartigen oder ungleichartigen StoBpartnern kollidieren, zwischen 
Eigendruck- und Fremddruckverbreiterung. 

2. Der intermolekulare Starkeffekt, der durch die Kraftfelder der Nachbaratome 
eine Verbreiterung der emittierten Linien verursacht. 

Wir haben uns die Aufgabe gestellt, die wahre Intensititsverteilung von Spek- 
trallinien bei verschiedenen Anregungsbedingungen zu untersuchen und mit den 
auf Grund theoretischer Uberlegungen berechneten Intensitatsverteilungen zu ver- 
gleichen. Es muBte beriicksichtigt werden, daB die direkt gemessene ,,scheinbare 
Intensititsverteilung einer Spektrallinie im allgemeinen nicht mit der ,,wahren 
Intensitatsverteilung’‘ iibereinstimmt, sondern durch den EinfluB des abbildenden 
optischen Systems verindert ist. Jeder Spektralapparat liefert nimlich auch von 
streng monochromatischem Licht eine Linie von endlicher Breite, deren Inten- 
sitatsverteilung als ,,Apparateverteilung‘‘ bezeichnet wird und die sich der wahren 
Intensititsverteilung jeder reellen Linie iiberlagert. Durch Eliminieren derApparate- 
verteilung kann aus der scheinbaren Verteilung die wahre Intensitaitsverteilung 
bestimmt werden, was entweder nach Kocn [1] durch Steigerung des Auflésungs- 
vermégens des Spektralapparates oder nach ORNSTEIN und Wyk [2] durch die 

* Eine ausfiihrlichere Darstellung erscheint in den Sitzungsberichten der Osterreichischen Akademie 


der Wissenschaften Math.-naturwiss. Klasse, Abt. Ila, 161 (1952) 8S. 65. 
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Methode der Fourierentwicklung erreicht wird Bei den vorliegenden Unter- 
suchungen wurde die Apparateverteilung durch eine Kombination beider Verfahren 


sii 


ellminier 


Versuchsanordnung und MeBergebnisse 


Das von einem mit Edelgas gefiillten Geiblerrohr emittierte Licht wurde mit einem 
ZeiBschen Spektrographen grobzerlegt und mit einem Interferenzspektroskop nach 


Fapry-Perot von hoher Auflésung feinzerlegt. Es wurde die Intensititsverteilung 


TN 
T 


mit Gleichspannung, technischer Wechsel 

| _| spannung von 50 Hz und hochfrequenter 

\ Wechselspannung von 23 MHz untersucht. 
Es zeigte sich, daB die Intensititsver 


: —— — der Neonlinie 5852,49 AE bei Anregung 


teilung dieser Neonlinie bei allen drei Ent 
ladungsarten praktisch dieselbe war, so 
ferne im Entladungsrohr derselbe Gasdruck 
herrschte 

Eine Analyse der unsymmetrischen In 
tensitatsverteilung (Abb. 1) ergab die Inten 
sitatsverteilungen der Linien der beiden 
Neonisotopen. Die Isotopieverschiebung 
wurde hieraus in Ubereinstimmung mit 
anderen Autoren zu 0,026 AE ermittelt. 


Bei Steigerung des Gasdruckes wurde 
eine deutliche Verbreiterung der Intensi 
tatsverteilung beobachtet. Die Halbwerts 
breite der untersuchten Linie nimmt pro 
portional mit dem Gasdruck zu, wie dies 
auch auf Grund der StoBdimpfungstheorie 
zu erwarten ist. 


Ein Vergleich der gemessenen und der berechneten Intensitatsverteilung zeigt, 
daB die bei geringem Druck (1 Torr) gemessene Intensitatsverteilung zum gréBten 
Teil mit der Dopplerverteilung iibereinstimmt. Die Intensitaitsverteilung ist also 
in diesem Fall hauptsichlich durch den Dopplereffekt hervorgerufen, wenngleich 
ein gewisser EinfluB der StoBdimpfung zu bemerken ist. Bei héherem Druck 
50 Torr) nahert sich die empirische Kurve mehr der Stobdimpfungskurve. Bei 
100 Torr stimmt die gemessene Intensititsverteilung praktisch mit der aus der 
StoBdimpfungstheorie berechneten Kurve itiberein. Insbesondere ist die fiir die 
StoBdimpfung charakteristische Form der Kurve in gréBerer Entfernung von der 
Linienmitte gut realisiert. Auch in diesem Fall ist noch ein EinfluB des Doppler- 
effektes vorhanden, der jedoch im Vergleich zur StoBdimpfung gering ist. Der 
EinfluB der Strahlungsdimpfung ist sicher sehr klein und kann gegeniiber den 
iibrigen verbreiternden Ursachen vernachlissigt werden. 

In einer friiheren Arbeit hat der Verfasser [3] die Druckverbreiterung der 
gelbroten Neonlinien bei Anregung mit hochfrequenter Wechselspannung unter- 
sucht. Das Ergebnis dieser Experimente ist in Abb. 2 wiedergegeben. Abb. 2 zeigt 
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die scheinbaren Halbwertsbreiten von 12 Neonlinien bei verschiedenen Drucken. 
Man erkennt 


1. Die Halbwertsbreiten aller untersuchten Linien wachsen proportional mit 
der Gasdichte in Ubereinstimmung mit der Lorentzschen StoBdimpfungstheorie. 

2. Wahrend die Halbwertsbreiten aller Neonlinien bei niedrigen Drucker an- 
nihernd gleich groB sind, zeigen die Linien 5852, 6598 und 6678 bei 300 Torr eine 
wesentlich gréBere Halbwertsbreite als die iibrigen Linien. Diese stark verbreiterten 
Linien entstehen durch Elektr« nentiberginge die auf dem So Niveau enden 


c 
= 
= 
a 
« 
c é 
« 
= 
< 
= 





Abb. 2. Halbwe 


3. Die strichlierte Gerade gibt die wahre Halbwertsbreite der Linie 5852 nach den 
vorliegenden Untersuchungen an. Aus der Parallelitat der entsprechenden Geraden 
schlieBt man, das sich die scheinbare Breite durch Addition von wahrer Breite und 
Apparatebreite ergibt. 

sei Betrachtung des Termschemas des Neonatoms erkennt man, da alle Linien 
mit starker Druckverbreiterung einer bestimmten Liniengruppe angehéren. Es sind 
dies Linien, die bei einem auf dem s,-Niveau endenden Elektroneniibergang aus 
gesandt werden. Da gerade diese Linien auch eine gréBere Isotopieverschiebung 
zeigen als die anderen Linien, wurde zunichst vermutet, daB die groBe Druck- 
verbreiterung durch die Anwesenheit des Neonisotopes hervorgerufen wird. Eine 
Wiederholung der Versuche mit isotopenreinem Neongas hatte wohl sofort Klarheit 
verschafft, konnte aber nicht durchgefiihrt werden, weil das gewiinschte Gas nicht 
verfiigbar war. 

Der Verfasser hat daher die Druckverbreiterung an Argonlinien untersucht. 
Argon besitzt ein ahnliches Spektrum wie Neon und kann als praktisch isotopenrein 
angesehen werden. Natiirliches Argongas besteht zu 99,6% aus Argonisotopen mit 
der Massenzahl 40, wihrend die beiden anderen Isotopen mit der geringen Haufig- 
keit von 0.31% bzw. 0.06% auftreten. 

Auch bei Argon zeigte sich eine bedeutend stirkere Druckverbreiterung der 
s,-Linien gegeniiber den anderen Linien. Ebenso wurde wieder eine der Gasdichte 
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proportionale Zunahme der Halbwertsbreiter aller Argonlinien festgestellt. Damit 
diirfte wohl gezeigt sein, daB die starke Druckverbreiterung der s,-Linien nicht durch 
die Einwirkung des Isotopes verursacht wird. Eine befriedigende Erklarung fir 
dieses eigenartige Phinomen konnte bisher noch nicht gefunden werden. Es wird 
versucht werden, durch Ausdehnung der Versuche auch auf die Linien anderer 
Elemente Klarheit zu verschaffen. 


Zusammenfassung 

Es wird iiber interferometrische Messungen der Intensitatsverteilung von Spektral- 
linien bei Anregung einer Neonentladung mit Gleichspannung, technischer Wechsel- 
spannung von 50 Hz und hochfrequenter Wechselspannung von 23 MHz berichtet. 
Der Apparateeinflu8 wird durch Steigerung des Auflésungsvermégens des Spektral- 
apparates bzw. durch Fourierentwicklung ausgeschaltet. Es werden Messungen der 
spektralen Energieverteilung von Neonlinien bei verschiedenen Gasdrucken ange- 
geben und mit den berechneten Energieverteilungen verglichen. Der EinfluB des 
Dopplereffektes sowie der StoB- und Strahlungsdimpfung wird besprochen. Eine 
Analyse der spektralen Energieverteilungskurve ergibt die Intensitatsverteilungen 
der Linien der beiden Neonisotopen. 

In Ubereinstimmung mit der StoBdimpfungstheorie nimmt die Halbwerts- 
breite aller untersuchten Neon- und Argonlinien proportional mit der Gasdichte 
zu. Insbesondere wird auf die starke Eigendruckverbreiterung einer Liniengruppe 
des Neon- und des Argonspektrums aufmerksam gemacht. 


Literatur 
[1] Kocu, P. P.; Ann. Phys. 1913 42 1. [2] Ornsrern, L. 8. u. W. R. v. WK; Z. Phys. 1932 78 734. 
[3] Lane, K.; Acta Phys. Austr. 1951 5 376. 
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Quantitative spectrochemical analysis by means 
of the constant temperature D.C. carbon are 
N.W. H. Appinx 


Philips Research Laboratories. N. V. Philips’ Gloeilampenfabrieken, Eindhoven-Netherlands 


In general, a spectrum of elements can be obtained by introducing them in a gaseous 
or vapour form into an entirely closed space the walls of which have been brought 
to a constant temperature 7’. Conditions are thermodynamically determined by 
the value of 7', according to: 
p/n, ~ e~ **7, 
where ny, means the number of atoms in the excited state, 
n, the number of atoms in the ground state, 
E the excitation energy, 
6 BoLtzMann’s constant (normally denoted as k) and 
T’ the absolute temperature. 
This state of equilibrium is kinetically governed by three antagonistic processes : 
a) absorption/emission of light; 
b) formation/destruction of excited atoms through collision with electrons and 
c) with other atoms or molecules. 


Suppose a small opening is made in two opposite walls of an enclosed space 


containing e.g. a metal, then with a raising of the temperature an increase of the 
intensity of spectral lines of this metal, as well as an increase of the number of lines 
will be observed (Kine [1)). 

The intensity of each spectral line is proportional to the number of excited 
atoms nz, (the intensity of a spectrum line is proportional to the concentration 
of the element). The number of atoms with higher energy increases with a raising 
of the temperature. 

Different elements behave roughly according to their ionization potentials. 
According to the afore-said it is first of all necessary—in order to obtain reproducible 
results—to excite the atoms by heating them to a constant temperature. Secondly, 
the temperature of the column may not be influenced by other elements, emitting 
their light in such a quantity that the temperature decreases. 

Fig. 1 shows the shape of carbon electrodes between which a constant tempera- 
ture has been established. 

This carbon are as an analysis light source may be considered as such one, 
where the weighed amount of 5 mg of material is diluted by a large amount of 
carbon vapour plus air (carbon evaporating from the lower anode in a rate of 90 mg 
per minute), whereas the most unfavourable sample like sodium or potassium 
compounds evaporate at a rate of 4 mg per 100mg carbon. AHRENs in his book [2] 
mentions a markable influence of 5% alkali (or more). 
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That the influence of major components on the temperature of this kind of carbon 
are is negligible, is shown by Table 1. A equals a factor relating the integrated 
intensity of a spectrum line on the photographic plate and the concentration of 
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Fig. 1. Showing the (lower) graphite anode and the (upper) cathode. A gap-width of 8-9 mm is 
continually re-adjusted during arcing. A slit of about 0-6 mm, placed near the arc, lets the light 
through to the spectrograph; in this way the central portion of the arc column only is used for the 


analysis 


the element which is considered. This A-value is expressed in weight and 
is related to the complete evaporation of 5 mg sample. 


Table Ss 





0-O16 
0-029 
0-092 
0-O1L7 0-014 
l-¢ 
2993 ) ] 0-095 0-094 
2933 n (7 0-035 0-033 
3175 7°: O10 0-010 
3242 Ti 016 0-017 
2677 7 045 
2861 ; j 22 
2732 } i 0-59 


30R2 2 0-O1] 0-012 





onization potenti eV is shown in brackets 


Completeness of evaporation is essential and various precautions have to be 
taken [e.g. avoid spluttering by mixing the sample (Fe/Cr) with carbon or by 
converting it into an oxide; refractory materials are evaporated to completeness 
by the addition of nickel (oxides of the earth alkalis, tungsten etc.) or by the 
addition of fluxes (like B,O,) to alumina, or BaCO, to TiO,, ZrQ, etc.}. 


In this way the internal standard method has been replaced by complete eva- 


poration of 5mg sample (external standard). 
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By weighing a well-defined amount of standard material and by evaporating 
to completeness a list of K-values can be compiled once for all and in consequence 
of the constant temperature of the carbon arc all kinds of materials can be analyzed, 


conc. K 


according to 


One can also apply the method of successive additions [3]. 

Sometimes the intensity is not proportional to the concentration (absorption/ 
emission of light), but to c", where n <1. In many cases this difficulty can be 
overcome by choosing lines corresponding to electron transitions in the higher 
parts of the energy level diagram of an atom (weak lines). In those cases where for 
instance resonance lines have to be measured, a special method of evaluation in 
small intervals has to be used. 

The advantage of measuring weak lines coincides accidentally with our method 
of determining line intensities. The visual comparison of spectrum line densities 
with a range of lines of increasing densities photographed on paper—the so-called 
s.p.d. scale (standard paper density scale enables one to determine line intensities 
with a relative accuracy of about 5%, whilst corrections for background intensities 
are automatically made. Generally D, . ; D, + D,, unless D, has a low value. 

Now, if the eye observes the reflection density of the projected line plus back- 
ground D, , and of the standard line D, represented amidst the background 
D, to be equal, then 

D,+- D D, + D,. 
Hence 


and 


It is, of course necessary to st indardize the s p.d. scale on the photographic 


material used. This has been done—also once for all—by taking rotating step 


sector spectra and by measuring them very carefully by means of the microphoto 


meter, correcting values for background. (In the beginning a density of 1-55 was 


assigned the relative intensity value of 64. Later on we found that our intensity 
values equalled 1-45 times the absolute values given by DIEKE and CROSSWHITE [5].) 

About 70 measurements show the relation between the intensities found micro- 
photometrically and those of the s.p.d. scale lines. A me curve can be drawn 
and accurate values can be given to the lines of the s p d. scale. 

It is of course also necessary to develop plates carefully, but in the end one is 
dependent on slight differences between plates of various lots. A standard light 
source is used to solve this problem 

It is remarkable to note that visual comparison can be carried out accurately 
if weak lines are chosen, which lines for the greater part are related to electron 
transitions, situated high up in the energy level diagram. 


Some typical results. Comparison with chemical analyses 
1. Magnet steel. The accuracy of an intensity measurement amounts to D 
measurement n i 1] y I s wanted 16 measurements pet 
carried out ) i measureme! 1 s about a qu 


anaiyals 1s Ini} \ i it in t 200 minutes 
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2. Examples 


of K-values: 


Iron 


3020-6 
2739: 
2628:- 
2735- 
2767:! 
3200- 
3205: 
3215- 
3175 
3217-3 
3178 
3157 
3153-: 
2645 
2667 
2883 
2815-! 
Range of 


detection: 0-002 


3. As for the analysis of mixtures of the carbonates of the alkali earths Ba, Sr and Ca 
chromium nickel steel (st. dev. 2-5, 


accuracy 2, | 


4. Red 


4602 
4603 
4604 
4605 
4606 


4607 


Al,O, 
Fe,0, 
MeO 
MnO 


Si 


2 
Ti s 


Scheelite 


Fe 
Ne) | 
Al 
Mo 
As 


and 4% 


‘0094 % 
‘ll 

-22 
-235 

8 

‘9 


100 % 


rel, 


iron oxide: 


respectively), 
rel. respectively), see ADDINK & DE GrRoorT [4]. 
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Copper 
~0-0007 % 
~0-0012 

0-27 
1-0 
3°5 


2766- 
2997: 
3169- 25 
3156-6 30 


2978-2 75 


0-0002-100 % 


Spectrochemical 


Mn 
O- 185 
0-25 
0-16 
0-08 
0-09 


0-16 


3 
S pectroc hemical 
712% 
23-0 
0-17 
0-10 
3-8 


1-6 


Spe ctrochemical 


21:9% 


Caw‘ iP 
Spectrochemical 
29 % 
0-64 
0-26 
0-04 
0-036 


Sl 
0-22 % 


()-27 


ai 
0-21 
0-21 
0-19 
0-19 


Chemical 


0-08 
31 
1-9 


Chemical 


xo 


v0 


99 
—— 


minor components 


Chemical 
0-39 (0-32) % 

0-62 

0-25 

0-05 

0-034 
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Mn 
0-205 
0-22 
0-15 
0-OR5 
0-09 


0-155 


9a77 


~ i 
3013- 
2860- 


2731: 


Chromium 
0-05 % 
0: 
0- 


2653-! 


2935- 


2622-8 


2913- 
2642- 


2700-! 


2785: 


0-0] 


Chem 


40 °o 


ical 





1-0 and 0-8 % 
An analysis of a chromium steel is shown in [ 


Quantitative spectrochemical analysis by means of the constant temperature C. D. carbon arc 


b Scheelite — major components 


Spectrochemical Chemical 
CaO wo, CaO 
19-4 74:3 19-6 
17-9 78-0 18- 
20-0 72:8 19-6 


Calibration of spectrographs 


A standard light source (for instance an iron-carbon light source) enables one to 
compare intensities of various spectrum lines photographed by means of two 
different types of spectrographs. These values can be expressed in terms of DigkE 
and CROSSWHITE’s absolute intensity values [5]. By plotting intensity ratios against 
wavelengths K-values can be calculated for all types of instruments. It is hoped 
to give further details in collaboration with Mr. G. P. Mrrcne.i and Dr. J. Bery- 
TEMA. 
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Discussion on Papers 
I 


Third International S pectrose opy Coll quium 


DISCUSSION ON PAPERS PRESENTED AT THE SESSION 
ON SPECTROGRAPHIC LIGHT SOURCES 


DISCUSSION ON THE Paper BY Dr. ROHNER 473 
agreed with Dr. RoHNER that aluminium moulds were superior to 
he preferred dise samples to pencils, since, for one thing, they did 
The discussion then proceeded to cover the details 
f disc and pencil samples, a subject about which 
Different laboratories using the same type 
greatest precision ; and Dr. KAISER 
of the san ple was bound to be less 
shaped 4o resemble an equipotential 
d macrosegregation was not decided. 


now I discharge parameters was 


whicl 
ected 

important 

that, 

i metal 
coiumi 
exper 


exp 





on Papers 


Dr. MENZII s asked Mr. MILBOl RN whether his choice oft tines for plotting nten 
biasing the comparison between metals, and Mr. MILBoOUuRN admitted that the choice was 
trarily based on line venie! ler y 


Dr. KAISER pointed out that the varying effect of polarity on different metals 


he sample is the cathode of the discharge 


terious if we remembered that the excitation when t 
is largely electronic, while the excitation at the anode is also from thermal ionisation, and this 
will be affected by the conductivity of the metal more than the cathodic emission. He went 
on to point out th 1eaVvy <ground shown in some of the spectra Mr. MILBOURN had 
projected was the etronic al g h hi background radiation in x-rays, it was 
entirely en he electrode surf 1e to electronic collisions. Mr. MILBOURN said that 
the similarity | \ the behaviour of aluminium and magnesium, both almost indifferent 
to polarity ettects, Ligh % due to the lightness of the ions He also said that by direct ob 
servation of varying discharges nro 1 transmission grating one was able to see in what 
part of the spectrum different lines arise, and in fact the background of the copper spectrum 
appears throughout the length of the are column Referring to the illustrations of the paper 
by VAN CALKER, MR. VAN SOMEREN asked what the time f certain diagrams was, and 
was told th h y ul irbitrary ile obtained by numbering successive strokes of an 
oscillatory dis« I Dr. KaAIser, also referring to the time scale of discharges, pointed out 
how electrons could reach equilibrium in a Maxwell distribution i bout 7 se s 10ns 


were slower in reachin 


Dr. ADDINK 


In reply to a questio I . 2 ADDINK said that the order of the layers in the 
are crater would y ( ig 1 t! volatility of the sam ple to be examined, the essential 
thing was n I I ng l ( ) completely consumed in a reasonable time The 
shape ot the 1 I ai lect! i was chosen to avoid the occasional flaming ars which 
runs up the de of a d n rhe constant temperature of the are is attained by the 
current density ane ised, only radiation from the centre of the arc column 
is used in recording th tr ILLIESON (Harwell) pointed out that in Scribner’s carrier 


distillation method the are te gradually drops, and asked if this would happen here ? 


Dr. ADDINK replied t! I tion of a weight of « irbon large compared with the sample 
weight. vU mg ol Do! l \ nl Ly ; temperature 

Mr Pe wi I L WI ] 1 irbon eV Lpor ition |} reg ularly cher ked, the 
speaker answered 

Dr. MAYER! Lske \ kel p select l isation, and Dr. ADDINK 
inswered that ( lloving ability for riou ils together with its high 
boiling point } ful ilities, migh ven work like m ‘ 1-extraction 
process 

M. Tricu! lou what kind of standard samples were r the determination 

lead in urine nd ¥ told tl vere synthetic standard soluti . made by addition 

known concen igin iaterial 

Mr. MILBouUR) I n ha | of determining line nsities used by Dr 
elements } i pectrum lines were used, 


trum photometry to 
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REPORTS OF MEETINGS 
Fourth International Spectroscopy Colloquium 


An informal meeting to discuss this was held at High Leigh in the evening of 2nd 
September 1952. On the proposal of Dr. Menzies, Mr. vAN SOMEREN was elected 
to the Chair. He invited proposals, and Dr. Serrn (of Miinster) proposed that 
the next Colloquium should be held in Germany. It was only now that spectro- 
scopists in Germany had sufficiently recovered from wartime conditions to act 
as hosts to a Colloquium of this kind, and they would like to hold it in the Ruhr, 
choosing a site in complete contrast to that of all previous Colloquia. The Uni- 
versity of Miinster could provide a centre for the Colloquium, and industrial labo- 
ratories and factories in the district would be of interest to the visitors. This 
proposition was welcomed by M. Logvitxe on behalf of the G. A. M. 8. and by 
representatives from several other countries. 

The question of the interval between Colloquia was discussed, and although 
some people thought annual meetings were too frequent it was decided to hold 
the next one in the autumn of 1953, without committing ourselves to a policy of 


reguiar annual meetings in future. 
M. Microtre, on behalf of Belgian spectroscopists, made a tentative proposal 
that the Fifth Colloquium should be held in Belgium. 


Annual Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy 


The fourth annual Pittsburgh Conference on Analytical Chemistry and Applied 
Spectroscopy was held from March 2-6, 1953. About 1600 conferees attended the 
meeting. Abstracts of papers on spectrochemistry presented at the meeting are 
as follows: 


Emission S pe ctroscopy 
Determination of germanium in coal and coal ash: Wa. J. Frepericx and H. E. Brser, United States 
Steel Company, Research and Development Laboratory, Pittsburgh, Pa. 

Because of the low percentage of germanium in coal, both chemical and spe trographic methods 
were investigated. The cinchonine germano-molybdate method, advocated by Davies and Morcan, 
was found to give reproducible results. The high molecular weight of the compound (C,,H,,ON,), 
H,(GeMo,,O0,,) makes it possible to determine minute quantities of germanium with high precision. 

A method has been developed for the spectrographic determination of germanium in coal ash, 


ising the D.C. arc method and synthetic standards. 


Quantitative Spectrochemical Determination of the alkali metals in silicate rocks, minerals and meteorites: 
L. H. Anrens, Department of Geology, Massachusetts Institute of Technology, Cambridge, Mass. 
The alkali metals have similar spectroscopic properties (rates of volatilization, first ionization 
potentials, excitation potentials) and in devising an analytical scheme (see AHRENS, 1951, for example) 
it is logical to consider the determination of the five alkali metals as a group. In the procedure em- 
ployed at the Cabot Spectrographic Laboratory, M.I.T., the alkali metals are determined in one, or 
perhaps two operations, depending upon whether an internal standard is used and on the concentration 
of each alkali metal. The powdered sample is loaded into a conventional cupped carbon anode and is 
excited by the D.C. arc; exposures are variable and are timed by the disappearance of the flame-like 
character of the discharge. Because of a similarity in spectroscopic properties, highest accuracy is 
attained by using one alkali metal as an internal standard for the determination of another. 
Geological materials vary enormously in composition and accordingly methods have been developed 
which are capable of accurately determining each alkali metal over a large concentration range. In 
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the example of potassium, the range is from 0-001 to about 5%. At high concentrations (as in granite, 


for example) the accuracy of the spectrochemical method is about equal to that of the usual LAwRENCE- 
SMITH fusion procedure; at medium concentrations (0-2% to 1-5%) as in basalt and diabase, for exam- 
ple, the spectrochemical method is somewhat superior whereas at low concentrations (0-001% to 


Recent spectrochemical 


0-1% ), as in peridotites, dunite and chondritic meteorites, it is far superior 
investigations show that the chemical values may be too high by a factor of 30 to 40 when the potassium 
concentration is very low. These observations are of considerable geophysical interest because the 
radioactivity of K 40 is a source of earth heat and much of the earth’s interior is probably composed 
of material of peridotitic or dunitic composition. 

Much interesting geochemical and cosmochemical information has been provided by the use of 
these quantitative methods for determining the alkali metals in silicates and it has been possible to 
demonstrate for the first time that the ratio of two elements (K/Rb) in the earth is the same as in 


cosmic material (meteorites 


Spectrographiec analysis of iron ore: G. W. Mapvsen and G. J. McQurivey, Columbia-Geneva Division 
of U.S. Steel Company, Geneva, Utah. 

A spectrographic method for the analysis of iron ore has been developed which takes advantage 
of the unique characteristics of a rotating electrode to effect considerable savings in time and materials 
as compared to conventional chemical methods. 

In the method developed, a specially prepared sample of ore is weighed and mixed by grinding 
with a weighed quantity of boron trioxide. The mixture of ore and boron trioxide is then mixed with 
graphite and the whole compressed into a pellet in a briquetting press. After a quick heat treatment, 
the pellet is attached to the rotating mechanism in the spectrograph and excited with a high voltage 
spark directed against its edge. 

Working curves have been developed for silica, alumina, lime and magnesia; other elements can 
be determined 


The method is accurate, reprodus ible and applicable to a wide variety of iron ores. 


The spectrochemical determination of impurities in cobalt oxide: Jonw H. McCiure and R. E. Krrson, 
Polychemicals Department, E. I. du Pont de Nemours & Co., Inc., Wilmington, Dela. 


Spectrographic methods were developed for the determination of calcium, barium, copper, silicon, 


’ 
ron, manganese, chromium, aluminium, and nickel in cobalt oxide (Co,O,). The procedure is rapid 
as compared with other chemical and instrumental methods in those cases where they can be applied. 
\ statistical study of the precision indicates a standard deviation of 20% relative over the con- 


centration range 0-001 to 0-1%. The line pairs and their usable ranges are given together with a solution 


method for the preparation of standard samples. 


Spectrographiec and quantometric analysis of lubricating oils: Jack Grtterre, Applied Research La- 
boratories, Glendale, Calif. 

A rapid method of analyzing for metallic impurities and additives in lubricating oils is essential 
for engine wear studies, and as an aid to preventive maintenance. A method of direct spectrographic 
inalysis using the A.R.L. rotating disc electrode is described. A weighed amount of cadmium naph- 
thenate is added to each sample as the internal standard. Approximately 0-5 ml of sample is required 
and a complete analysis can be made in 10-15 minutes. By recording the spectra on the A.R.L. Quanto- 
meter, the analysis time is reduced to about 5 minutes. Complete details of procedure are given. An 


overall standard deviation of about + 10% can be expected. 


Methods of excitation for the spectrochemical determination of trace elements in titanium dioxide: 
L. E. Otmstep, National Lead Co., Titanium Division, St. Louis, Mo. 


Two types of excitation, a D.C. and an overdamped Multisource condition have been used in the 
routine analysis of TiO,. A novel arrangement is described for mounting pelletized samples on a graphite 
electrode base. Changes in the chemical nature of the pellet during the “interrupted arc”’ exposure 
have been studied. Scribner-type pedestal electrodes have been used with the D.C. arc; some of the 


factors affecting the precision of the D.C. analyses have been subjected to statistical analysis. 
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Echelle spectrography: Gi chnology, Cambridge, Mass 


I 


onstructed, following the 

iments have been designed 

at M.I.T. All these instru- 

to 2000 grooves per inch, 

atly increased resolution 
and easy to use 

be discussed, with 


of the type needed 


spectrographs to qualitative and quantitative spectrochemical analysis. 


The application of echelle 
ptical Company, Rochester, N. ¥ 


N. A. FIX KELSTEIN and W 
I} trum energy mcentration can 
ctrographic analysis. Two 

id and applied to ana 

Littrow prism, provides a 

2000 > second instrument is an 

lesigne » be used in conjunction with 

A ttachme provides linear dispersions 

crossed with a conventional large 

» grating spectrograph. Resolving 

and spark excitations in routine 

ograph \ ty] | quantitative 

interfered 

ucture 


lived and 


new direct reading spectrometer for magnesium alloy analysis: 
H. H. Grossma 


The new N.S.L. projection comparator microphotometer: 


the N.S.L. Spec-Reader 
of industrial spectrographers to 
ontrol problems. Some of the 


h sensitivity, the stability, the 


igh 


bility, and the scanning convenience. The 


ssi aid 
ularly emphasized in such factors as economy 


ninimization of maintenance difficulties 


Effective parameter tests on spectroscopic spark source units: Freperick Brecu and Joun Herm, 


ompany Be mn, Mass 


Research Lab ory, Jarrell-Ash ( 
| is dependent on factors additional to the quality 
omponents There are, however, few methods by which the 
ettective param De tested by the spectroscopist This paper 
* Now uief nginee! sail Associates 


** The Dov hemi | ompan\ Madisor 
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will show that linear relationships on log-log plots exist between the RF ampere output and values 
for the total inductance of the circuit, and separately for the capacitance and resistance for successive 
numbers of breaks in each.half cycle. The work was done on the Jaco Varisource Unit which employs 
a tandem gap of the air quenched type. Factors which cause departures from the relationships to be 


presented will also be discussed. 


Modern diffraction gratings: Davin Ricnarpson, R. J. Mettzer, and R. 8. Witey, Bauch and Lomb 
Optical Co., Rochester 2, N. Y. 
The development of a method for producing substantial numbers of exact copies of 
fraction gratings coupled with the ability to rule a variety of sizes and types o “atings makes 
it possible to supply the world demand for gratings. These gratings can be shown to have greaté 
efficiency, longer life, and lower scattered light than the master gratings from which they are mad 
There is no loss of resolving power or change in the intensity of the ghosts inherent in the proces 
Transmission gratings with carefully controlled groove form are now available in a variety of sizes 
These gratings are very efficient in the blazed region of the spectrum and permit the consideration o* 


new designs for instruments to be used in spectral regions where glass is transparent 


4 double beam densitometer and comparator: Rosert O’B. Carpenter, Baird Associates, 
Cambridge 38, Mass., and Jonn U. Wuire, The White Development Corp., Stamford, Conn. 

A double beam densitometer has been designed, with a servo type automatic balancing system 
(strip chart recorder optional) and a } rojection comparator (magnifi« " 7 The use of a variabk 
aperture, accurately logarithmic, with a rar ge « t 3, a ultimate andard tor measure 
ment leads to an instrument with a very high degree of accuracy, stability, and sin plicity of operation 
The scale is linear in density units. The two beams transmitted through the spectrum plate and the 
variable aperture are alternated onto a | P 21 photomultiplier at 60 cps. This tube is used in a logarith 
mic amplifier circuit descrited by M.H. Sweet [Jour. Opt. Soc. Amer. 37, 432 (1947)] which provides 
a servo-loop gain, a stability, and a precision of 0-003 density unit I alli lent of the 


density being measured 


A hollow cathode discharge tube and power supply for routine analysis: N. E. Gorpon, jr. and 
H.D.Coox, Chemistry Departme nt, Atomic Power Division, Westinghouse, Electric Corp., 1, Pa 


A hollow cathode discharge tube has been developed that el 


that must be sealed with vacuum wax or greas¢ This discharge tut 
vacuum sealed with neoprene “O”’ rings and gaskets The advantag 
those previously described are 1) its sturdy construction results in 
design facilitates cleaning and sample loading; and (3) its adjustable 
optical alignment 

A high voltage power supply is described. Its output 
| kilovolt at any out; amperag n 10 milliamperes t 


in a mobile panel rack net wh ) also houses timers 


exposure periods 


Statistical tools in routine spectrochemical analysis: ‘ 

Lesearch Department, Ly \ : J L. I 

opment and Engineering Dept., St. Louis, Mo., an 

Development r ering Dept., Sayreville, 
In setting ip a sp nem il metre 

statistical approac! ysis of varian 

and which need the 

or precision f 16 analytical intensity 1 
Statistical quality control techniques 

analytical curve restandardization, since 

random variation is exceeded. Methods 

2) changes in excitation ynditions, 

or photographic processi 


one of the spec tra on a 
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A new procedure for emulsion calibration: J.S. Wore, Delco Products Division, General Motors 
Corporation, Dayton, Ohio 


Using suitable masks or a modified Hartmann diaphragm, multiple overlapping exposures are 
made or. « plate. The densities of various line portions are measured and plotted, and compensation 
made for excitation variables. Data are then subjected to a graphical cross-averaging procedure to 
derive the gamma curve. The method also includes a simple procedure for constructing a gamma 
nomograph which will permit gamma determination from a single exposure, and indicate whether 
the shape of the gamma curve has changed. The method is entirely graphical; no numerical computations 


are involved 


Panchromatic spectrographie filters: Raven E. Scuacuat, Earve 8. Brpcoop, and Water L. Savett, 
Laboratory of Advanced Research, Reming Rand, Inc., South Norwalk, Conn 


In the regular operation of an emission type spectrograph a range of panchromatic filters is required 
to control film exposure without variation of the exposure time. A series of simple, stainless steel, 
wire mesh screen filters have been constructed to serve this purpose 

After extensive testing of a set of these wire mesh filters they have been found entirely satisfactory 
and have been adopted for experimental and routine application in spectrographic analysis. Rugged 


and easily handled these filters hold their calibrated values for an indefinite period of time 


The screen filters are particularly useful in making film exposures that require such short periods 
of time as to create the possibility of serious error in measurement of the exposure time period. They 
also serve admirably as a dependable means of controlling light values in the calibration of film nega 


tives 


Factors influencing emulsion calibration: Frep. A. McNa.iy and Frepericx Brecn, Research Labor- 
atory, Jarrell-Ash Company, Boston, Mass 


Forty laboratories have contributed typical experimental data and spectrum plates from which 
they produce emulsion calibration curves. The spectrographs and auxiliary apparatus employed are 
representative of commercially available apparatus of differing manufacturers. The laboratories were 
not asked to conform to a given set of conditions and therefore different laboratories employed different 
methods for emulsion calibration. (i.e typical of their routine work A correlation of the data sub 
mitted has been made, and, in addition, the spectrum plates have been re-evaluated employing a single 
metnod 

rhe results to be presented include a discussion on the effect of slit illumination; on photographic 
processing conditions; on the technique of photometry; and on the method of presentation of calibration 


curves 


An improved calculator for spectrographie analysis: A. L. Hattowe xt, Carbide and Carbon Chemicals 


Company, Oak Ridge, Tenr 


or reducing the amount of work involved in making spectrographic deter 

is Gescribed This instrument combines princi les of nomography with the operations ot 

It consists of two scales mounted in an aluminium frame so that they may slide paralle! 

other, and also so that distance by which they are separated may be varied. A hair line index 

of plastic is pivote ) n the slides, and it may be rotated for the purpose of making meas 

urements. The ratio of the distance the slides are from the center pivot is indicated on two other scales 
With this arrangement, either plate calibration scales or logarithmic percentage scales may be effe 

tively varied in magnitude, one relative to the other, and also a slide ruk operation may be pe rformed 


the transformed scale 


This calculator differs om iy previously described in the literature in the following respects 
nethod is used for varying a logarithmic scale so that it is equal to, and replaces, all working 
cales, and (b) it is used with a plate calibration scale and a background correction slide rule 
ing the concentration of any element in a sample directly from the microphotometer data. 

for preparing a separate scale for each working curve is eliminated, it is practical to use 


universally for all spectrographic analyses 
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Spectrochemical analysis of aluminium alloys using molten metal electrodes: Leo D. Frepericxson, 
Jr. and J. Raynor CuurcnHiLit, Aluminum Research Laboratories, Aluminum Company of America, 
New Kensington, Pa. 

Although spectrochemical analysis plays an important role in the production of aluminium alloys, 
certain variables in the conventional procedure remain which are associated with the metallurgical 
history of the samples analyzed. Examples include variations in excitation characteristics, differences 
in grain size and distribution of constituents within and between grains, as well as porosity and shrink- 
age crac ks Differences also occur between samples which have been forged, rolled, or extruded, and 
the spectral behavior is markedly influenced by annealing, heat treating and working. These variables 
may be eliminated by employing a molten electrode of the material to be analyzed, and using spark 
excitation. Description is given of several methods which have been investigated for the simultaneous 
melting and spectral excitation of aluminium alloys, including ‘“‘source-power melting’’, auxiliary 
arc melting and several types of furnace melting. Preliminary work indicates that induction melting 
may satisfy the melting requirements and provide favorable electrode geometry. Success of the method 
is predicated upon a close control of all physical parameters in a carefully timed sequence of melting 


and sparking 


Evaluation of source and photographic variations in the spectrographic analysis of low alloy steels: 
D. L. Fry and T. P. Scuresrer, Research Laboratories Division, General Motors Corporation, Detroit, 
Mich 


The spectrographic analysis of steels for receiving inspection is somewhat more difficult than the 
analysis for production control. This paper presents the effects on intensit ios and on analytical 
curves in a point-to-plane method of source variations, analytical pair sele , the variation 
due to emulsion irregularities source parameters have been measured an > y studies made for 


the numerous source conditions tried 


The determination of acid soluble aluminium in steel: C. V. Rooney, Columbia-‘ 


I S. Steel Co Geneva, Utah 


A simple spectrographic procedure for the determination of rT luble alumi 
steel is described. After solution and separatiol is effected in the v ional man 
eontaining the acid soluble aluminium !s introduced into the spark gay 
slectrode 

Spark-like ec ions on nultisource have 
Determinations in the range from 0-03 to 0-06 
values within 0-002 he spectrographi 


faster, and more economical than those found by 


Studies of the line width method of spectrochemical analysis: D 
Laboratory, Monsanto Chemical Co., Miamisburg, Ohio 


; 
guide ¢ 


In most cases intensities of lines are used as a 
analysis. Ir cent years the widths of lines have also beer 
An example his less publicized meth is demonstrated i 
in a bismuth ms ix \ comparison of sev 


intensity ratio met! ill be presente 


The determination of sodium, potassium and lithium in beryllium solutions by flame photometry: 
H. R. Mvuwxin ‘ » SHEEHY, Atomic Energy Commission, New Brunswick Labor vy, New. 
Brunswick, N 

A flame photometric method for 
solutions is describe nee beryllium l n has a tenden ) sl he emissio1 
elements in the flan it was necessary t ly control the bery] n concentration. The 
are determined in the range ppm vilium 


Comparison f between acetviens } vdrogen tlames and betwee 


phototube and th otomultiplier attachmer 
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SLAG S. Reduction 


Production control quantometer in the secondary aluminium industry: M. |! 


nstrument was purchased, costs 
be described briefly 


this 


tion schedule will 
manner in which 


idual elements and the 


Applicability of controlled atmosphere excitation to spectrographic methods of analysis of aluminium 

alloys from compacted chips: 8. G sPreL and F. Bernsters, Material Laboratory, New York Naval 

Shipvard, Brooklyn, N. ¥ 

ty ratios of constituent vs. aluminium lines, 
f aluminium alloy (Alcoa 248) chip 


of Aluminum Chips 
4, August 1952.)|, a study was made 
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Routine spectrographic analysis of impurities in cadmium, bismuth and their alloys: G. ! 
tior Lat rator 8, Nu ‘ 


I W. f E Feder | mmunica 


rhe quantitative spectrochemical determination of germanium in ores, residues, and ashes: J. 8 
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of rare-earth elements in cerium 
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X-Rar Fluore scence Spectrosconv 
y } PY 


Point by point chemical analysis by X-ray spectrography: A. Gurvrer a: , University 
of Illinois, Urbana, I)linois 


A conventional electron-microscope hgh modified to give an ¢« 


giv ul iectror probe ot oniyv ol 


isea as 


or two microns diameter. This probe falls on the surface of the specimen, used a target which en 


the characteristic radiations ie elements present in the volume irradiated | 


Vy tne ¢€ lec trons 


X-rays are analyzed by a curved crystal and registered by GER-MULLER counter 


size of the emitting volume (2 u area and | u thickness) gives 1 possibility of analyzing the su 
of the specimen point by point 

R. CastTainGc showed that the ild ! quantitati 
cases 

With an X-ray spectrograph 
with a vacuum spectrograph it is )} that aluminium 

The minimum account detectable seems t about 

The method is rapid (a few minutes), nond ructive, an h ly al made with th 
men at elevated ten perature 

As examples of application, we no I d on of npos I > phases 


alloy and the study of intermetal] 


X-ray fluorescence spectroscopy: H. F: 
Washington, D. ¢ 
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The application of fluorescent X-ray spectroscopy in metallurgy: G. E. Noakes, Ford Motor Company, 
Dearbort Mich 


fluorescent X-ray sper troscopy 

Three materials were studied 
lata were obtained by X-ray fluorescence and by emission 
ive advantages It we r nd that by X-rav fluorescence 
r rang np ym than Dy emuissior spectro 
ymparable for each method 
Emission spectroscopy is cap 


ted to concentrations 


Application of the fluorescent \-ray spectrograph to the analysis of niobium and tantalum in ores: 
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X-ray Muoreseence analysis for major constituents: J. Suerman 


lelphia, Pa 
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Analytical studies of the fluorescence of samarium in calcium tungstate: ( DON PEATTIE and 
i ind Laboratory of Nuclear Science an : g, Massa 


1 alkaline earth tungstates and molyb- 

ible base materials for samarium (III) 
analytical purposes. The wave 

visible fluorescence of samarium (III) 

variations due to the method of 


or Hg 3650 A), and to the ten 


rescence were 1) ignition 
200—400° C for 15 minutes 


temperature of 100°C 


with a filter fluo 


yr of calcium 


samarium (III) content was 

in 25 mg of calcium tungstate for 
samarium (III) concentration, excited 
ands was 10% The average variation 
which took advantage of the non 
portion of the spectrum with 
samarium (III) fluorescence was not 
excited tungstate groups to 


III) fluorescence to inter- 


tungstate containing 10% 

more intense than that obtained 

igh studied in less detail, its behavior 
ingstate-samarium (III), except that 


with the temperature ofthe fluorophor. 


Analytical studies of the fluorescence of samarium in calcium sulfate: C. Gorpon Peartre and L. B. 

Roce! s. Department of CU! and Laboratory « iciear Screm and Engineering, Massachusetts 
Institute olog mbridge, Mass 

for samarium (IIT) in solid calcium 

solid alkaline earth carbonates, fluo 

be suitable base materials. As a result, 

ase material for analytical purposes. In addition to 

Hg 2536 A or Hg 3650 A) and the temperature of 


e of the samarium from (III) to (11) was also evaluated. 


iors were prepared by coprecipitation of samarium (IIT) 


wr 15 minutes. The product was not fluorescent 


| roduced a red fluorescence consisting of 





nine bands wl 
limit or detec 
in 100 mg of 


Bombard1 


100° ¢ 

produced no signifi il he tro 
graph and a filte | hoton shows ' ni ctio abs iw arium (III 
and a linear increa it luoresce! wit! niti n of samariu n the solution 
I . , age viation d was 


of the sample 


europium (II 


Intrared Spectroscopy 
Infrared spectra of solids and their interpretation: 
University, New York City 


The changes 


solid states l 


On the infrared spectra of model amides, polypeptides and proteins: | 
9, Ma 


Irarea 
nterest 
stretching vi 
respectn 
certain such 
The 
compoul! 


is unlikely and only 


Hydrogen bonding in erystals and the nature of the hydrogen bond; R. 


t of Chemistry, Massacl 


Spectroscoy Labora a partmer! 


Cambridge 
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abnormally shifted in frequency, are unusually broad, have low peak intensities and often show several 


max f comparable intensity 
known O-H-O bond distances and the distances correlated linearly with the frequency shift. An 
interesting type of strong hydrogen bond has also been found in tertiary amine hydrohalides. The 
characteristics of this kind of band, as shown by studies on all four hydrohalides and their deuterium 
analogues, are their 


Various bands of this sort have been investigated in crystals of 


onstancy of frequency, breadth, multiple maxima and large anharmonicity. These 
features will be discussed with respect to their bearing on the nature of the hydrogen bond. 


Continuous analysis of liquids: GLenn Smrru, 


Process Controls, a Division of Baird Associates, Inc., 
35, Mass 


ersive infrared 


instrument has been de veloped for the 


be presented 


continuous analysis of liquid 
yutlining the construction, and operating details of the instrument. 


luding the measurement of water in liquid hydrocarbons will be dis- 
alibration data 


r 


The tri-non analyzer; an infrared absorption instrument for continuous gas analysis; E. H. Woopxv tt, 
and T. Firynn, The Perkin-Elmer Corporation, Norwalk, Conn 


analyzer for continuous recording of a process stream variable is described in 
strument is of » basic double beam type with conventional sensitizing, compensating 
lls, except th third radiation beam with a servo driven trimmer has been added to 


radiation null a selective gas filled detector. This detector has been made insensitive 


iynamic balancing of gas and condenser microphone membrane masses. The selectivity 


und a typical application is described 


The bichromator analyzer; a dispersion instrument for continuous process analysis in the chemical 


plant: ,. SAVITZKY J. G. Arwoop, R. G. Pmstroxn, and G.F.Watiace, The Perkin-Elmer Cor 
porat I N WAIiK,. 


Quantitative ani f plar reams is performed by obtaining the ratio of the transmission 


The two wavelengths appear simultaneously at the exit slit 


se of 


a split Littrow mirror. The energies are compared by 


yw mirrors and are kept at null balance by means of a servo-operated 


long term performance under plant conditions, 
from laboratory spectrometer practice. Fixed, cemented optical 


onstruction rather than the familiar flat bed, and the almost complete 
I 


Comparison of Perkin-Elmer models 12-€ and 21 infrared spectrometers to evaluate their precision in 


routine use: Evcene Curipers, E. I. du P 


> dau ont de Nemours & Co., Inc., Belle Works Technical Section, 
(harilesto! WW Va 


the Perkin-Elmer Model 12-C and Model 2] 


nthe standpoint of reproducibility 


infrared 

, linearity and simplicity of operation 

on a day-to-day basis in plant control laboratories where the 
perform routine quantitative measurements. The study 

instruments for research purposes 

1; 


valuation of the precision of a quantitative infrared method 


determine the concentration of cyclohexanone and cyclohexanol in a cyclohexane 
omponents. The precision of the method was evaluated in terms of (1) a single 


laboratory, and (3) routine use in more than one 


4 new infrared variable thickness cell: W.Atex Patrerson and CuHaries G. Bearce, Baird 
Associates, Inc., Cambridge 38, Mass 
A new variable thi ell has been developed 


This was designed especially for use on the 
Baird Associates Infrared Spectropho 


tometer but can be used on other infrared spectrometers. Features 


514 





Reports of Meetings 


of the cell are (1) a “Teflon” bellows; (2) a cam for varying the thickness; (3) an overall length di- 
mension of only 6-5cm; and (4) thickness adjustments by a single micrometer screw. The range of 
cell thickness in the present model is from 0 to 2mm and a setting of 1 division on the micrometer 
screw represents 0-002 mm of thickness. A high degree of reproducibility in thickness settings has been 


obtained. 


A new micro absorption cell: G. E. Moore and H. D. Deveraux, Polychemicals Department, E 
du Pont de Nemours & Co., Inc., Wilmington, Del. 


The use of micro absorption cells of long path length and low total volume is essential in many 
ultramicro colorimetric procedures. In the determination of millimicrogram amounts of metals through 
colorimetric methods, the color may frequently be developed in solutions having a final volume of 
1 ml. or less. Cells of the design suggested by Kirx and his coworkers are available commercially 
Difficulties in filling and positioning these cells in a spectrophotometer led us to the consideration of 
a new design which would eliminate these problems. 

The body of the new cell is a tube of “Teflon”’ tetrafluoroethylene resin sheathed in a stainless 
steel jacket. The cell is 7-2 cm in length with a total volume of 0-9 ml. Quartz windows are held against 
the body by steel caps which screw over the body The cell will fit either the standard cell holder ot 
the Cary spectrophotometer or the special micro cell attachment of the BECKMAN instrument. Typical 


results obtained with the cell in both the visible and ultraviolet region of the spectrum are given 


7] | 


Absorption spectra of organic vapors: R.A. Friepe., Bureau of Mines, Sy i uels Research 
Branch, Bruceton, Pa. 

Liquid compounds usually are examined spectroscopically as liquids, or as soh ms. Vapor spe 
have not been used quantitatively because of the inability to measure low pressure accurately The 
self-filling micropipet method for introducing liquid into the mass spectrometer through a sintered 
dise [FRIEDEL, SHARKEY, and HumBERtT, Anal. Chem., 21, 1572 (1949)] has been modified and applied 
to this problem. As little as 0-001 cc. of a volatile liquid can be vaporized into an evacuated infrared 


or ultraviolet cell with a reproducibility of 1 per cent No stopeock grease, wax, or rubber tubing 
need be in contact with the vaporized sample 

Advantages for analysis of volatile compounds are 

a) Sim] licity of echnique 

b) Elimination of solvent 

c) Production of vapor state fine structure which promotes easier 

d) Limited abilitv to run infrared spectra of aqueous solutions 

e) Elimination or diminution of complex formation, such as alcohol-ald le complexes 

In addition, some advantages of this technique for theoretical inv igatio al a) vapor pressures 
are measures curately; (b) infrared studies of pressure broadening cts of two vaporized liquids 


f 


can be carried out; and (c) vapor phase reactions c: udied, wit! I iddition of reactants 


The infrared spectra of aromatic compounds; evidence for intramolecular hydrogen bonding between 
substituent groups and ring hydrogens: M. Marcosnes and V. A. FasseLt, Department of Chemistry 


and Institute for Atomic Research, lowa State College, Ames, lowa 


The infrared at sorption spectra of some aromati compounds have been ied between 625 and 
900 cm™~', where these compounds have ( H bending vibrations characteristic of numter and 
position of substituents. The band structure in this region was found in man ases, to be considerably 
different from what is to be expected for the particular arrangement of substituents, especially for 
nitro compounds and carboxylic acids, esters, and salts. The deviations are explained by 1) a strong 
absorption band in this region for many of these compounds that is apparently not due i usual 
C-—H bending vibration, and 2) a consistent shift of the C-H bending vibrations to higher frequencies, 
caused by bonding of one or more of the ring hydrogens to an electronegative atom of the substituent 
group. Intermolecular distances from X-ray diffraction studies and variations in the absorpt 


with variations in the structure of the compounds are given as evidence for the presen 


bond. 


515 





Reports of Meetings 


Conn 


method for rapid, two-component, spectrophotometric analysis: Rosert 
Stamiorad, 
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C. Hrrt and Frank T. Kirxc, America 
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The infrared spectra of the methyl chlorosilanes: A 
ation, Midland, Micl 
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An infrared study of S-hydroxyquinoline and some of its metallic chelates 
ri I " K , } : “* { ey : 1) ; + 1 
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An analysis of these spectra has shown that, le the spectra of all the metally helates are similar 


to each other and to the reagent itself, the exact position of several of the absorption bands is dependent 
on the metal present For the divalent transition metal chelates studied, a direct relationship has 
been found between the position of an absorption band at about 9 mi } 1e stability 
chelate as determined potentiometrically in a dioxane-water solution ss have a 
found between the position of this same absorption band and the i 1 potentials of 


the metal atoms. An attempt has been made to interpret these results in ter 


he struc 


respective complexes 


A technique for obtaining infrared spectra of some viruses: D. F. Ko 
Epstein, University of Pittsburgh, Pittsburgh, Pa 


Infrared spectra of dried films of several |} ially purified viruses hi 


range $y suitably drying the viruses from aqueous s1 nsions without 
it was possible to obtain their spectra ['wo techniques of specimer 


consisted simply of spreading and dryi an ultracentrifuge pellet or | 


plate. Usable spectra were obtained, but s ring, largely from ‘amo 
great. For the secor i technique, polished Ns plates were thinly 


a tew drops oO "0 solution | OLY ‘ . 1 benzene Masks of 


Irom two 

By use 

plate was re 

é&perture and 
ar reprodau 


several strai 


S pe ctrophotome ty U 

The colorimetric determination of small amounts of boron 

GEORGE Norwitz, Frankford Arsenal, Philadelphia, Pa 
An a 


00-0000 to O- LO we 


The determination of phosphorus in titanium alloys: Ma 
Arsenal, Philadelpl | 


Photometric determination of columbium, tungsten, and tantalum in stainless steels: | 
J. Leo MarRT! und W. J. Boyer, Arr Steel ¢ rati M 
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olumbium, tungsten, and tantalum after a preliminary group separation 


mixed oxides obtained from other materials such as ores and 


Determination of ascorbic acid by a new colorimetric reaction: Morton Scuma.y, C. W. Prrer, and 
I Wotuss, Products Control] Laboratory, Hoffman-La Roche, Inc., Nutley, New Jersey 
Most metho r the jlorimetric determination of ascorbic acid are based on the 


the mdensation of dehvdroascorbic acid with 2.4-dinitro 


lacribed, invo re CK g with a diazotized aromatic amine 


levelopment of a stable b lor in alkaline solution. This dye, with 
580 mu, i mpared with stan is in a suitable colorimeter. Samples 
orbic acid per mullilit be determined 
letermination of vitamin ( nm the presence of deh vdroascorbi 
pharmaceutical preparations 
iseful for the assay of multivitamin preparations t tablets 
Its applicatior r the determi ym of vitamin C in es and 
ai liquids is ussed 


permits r d analysis, well suitable for routine control 


t determination of zine by dithizone in a water-glycol system: Bert L. Vatier, Department of 
Massachuse nsti of Technology, Cambridge, Mass 

it arbon tetrachlorid r chloroform has been the standard 

Extraction procedures are tedious, 

nis these of ye tionablie teatures 

losBolve as a solvent tor nizone, 

the determi 1 OF Zire 

the 


Itraviolet spectrophotometric determination of antimony: 
University. Detroit. Mic 
exhibit 
visible 


ntration 


mous 
effect 
plumb 


general 


Analytical aspects of the reactions of 2-(alpha-pyridyl)-benzimidazole with metallic cations: Josern 


H. Freiser, Chemistry Department, University of Pittsburgh, Pittsburgh, Pa 


10ns 
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spectrographically, wet chemical methods are advantageous because of their greater accuracy and in 


some cases their simpli ity A rapid and sensitive chemical prot edure has been devised for the deter- 


mination of trace quantities of aluminium in thorium. This procedure utilizes a spectrophotometric 


determination of aluminium following an extraction with a solution of 8 quinolinol in chloroform 
Extraction of thorium is prevented by the use of 


either 4-sulfobenzene-arsonic acid or concentrated 
acetate buffer as the masking agent. From 2 to 120 ug. of aluminium may be 


determined to within 


0-5 ug. The method can easily be extended for greater amounts of aluminium 


Extraction with 8-quinolinol in chloroform from an acetate-acetic acid buffer results in removal 
of acetic acid into the chloroform phase causing partial ionization of the 8-quinolinol The absorption 
spectra for a | solution of 8-quinolinol in chloroform containing acetic acid is given 


Colorimetric determination of zirconium in the presence of uranium: Witi1am H. Owens and Harry 


Kino, Carbide and Carbon Chemicals Division, Union Carbide and Carbon Corp., Oak Ridge, Tenn 


An adaptation he alizarin lake method for determining zirconium 16 presence of ural 


is presented. The method depends largely upon the purification procedure hich assures the removal 


of common interferences. Fluoride and phosphate are removed by volatilization, and sulfate effe 


is eliminated by the dition of calcium chloride ranium is oxidized to U (VI), and does not interfere 
at the wavelength utilized. Impure analyzed quite rapidly with precision and a Irac\ 


of within 20 


Determination of low concentrations of copper: J. Kennetru Brow» 
Philadel hia, Pa 


Low concentrations of « zero have been mil he y the use of 
dithizone, which is extremely sensitive but has aisadvantage that i nter ol interfere and 


must either be absent or be removed by extra } the procedure The deey olo f th ive itself 


8s another disadv: z en used with photometers Diethyldithiocarbamate as also been used 


put Ot as sens \ ‘ nizol mmber of ons imtertere 


Neo-cuproine 


dithizone and diethvldithiocarbamate sir it has little color lr t o interferer 


relatively low concentration 


ne), a new r I ific, Ss mucn 


other ions. This ne was desc! ( y Smira and Mct 1 it yruary issue of *‘ Ar 


(nemustry and gave copper oncentrations in the range 


to 1l ppm heir extractions with 10 ml. of distilled isoamy! al 


subsequent dilution of oly il. total volume before the f nsity was 
a Mode! ll Cary r 


ml. of sample buffered to pH 4-2 is ex 
lhe ethylene dichloride 


sopropyi a 


ine whe are 0-OO! 


Colorimetric determination of copper with neo-cuproine: A: 

Carbor é iL oratories, Inc., Niagara Falls, New Y« 
A stu has been mad 

n ferrous alloys and miscellaneous materials by 


The spectrophotometric determination of cobalt with 2-nitroso-1-naphthol-4-sulfonie acid: Warren 


W. Branpt and WarReEN M. Wise, Department of Purdue University, Lafayette, I 


indertaken i re o determine whether reaction of 


l-4-sulfonic aci ‘ any advantages for ; ophotometri 
rhe reagent is 1 | Ared vy I li q It is easily 
i dissolves oO give a yellow 
The color reaction of cobaltous ion wi 
absorbance is obtained from pH 6 to 10 i 


validity of : w was verified in th 





nanges are without 


iperature 
1oved by precipitation with dimethyl] 

boiling with concentrated sulfur 
f citrate ion. This 


vented by the use o 
20 times as much iron and copper as 


obalt As such it offers 


nickel are not present 


B. SANDELL, 


. 


dithizone equilibria in water-carbon tetrachloride: | 


| basis 


f Minnesota, Minneay is, Mis 


Copper (II 


{ the ¢ yuilibria in the system copper 


ed for the various equilibrium con 
tnat tor 


lary cup! lithizonates and 


yper dithizonates in 


carbon tetra- 


etric study of the rhodium (Ill tin (II) chloride system: 
I y, Uarbdi 


Spectrophotom 
- rleston, W 


| 


temperature alloys: Mary 


elements present in high 


Absorption curves of the peroxide complexes o 
| . W ect g} e Flecty ( ' rat M rng eer g Chemical Labo 


I 


Comparison of methods for the spectrophotometric determination of fluorides: J 
Fo Laboratories, Departmer nal Healt! 


ium and thoriun 
i reproducibility of 


letail, and while 





Re I orts of Meetings 


Reproducibility of measurements made on a Cary spectrophotometer and its log density attachment: 
J.L. Forstner and L. B. Rocers, Department of Chemistry and Laboratory of Nuclear Science 


and Engineering, Massachusetts Institute of Technology, Cambridge, Mass 


A performance study has been made of the Cary Recording Spectrophotometer and its Log Density 
: I I 


Attachment. The effect of the two majo ari s, the slit and the scan rate, on the reproducibility 


of the spectrum of benzene in isooctane was investigated. The standard deviation at a scan rate of 
20 A/sec was 0-004 optical density units for the reproducibility of the peak to minimum distances on 
the density recorder and 0-003 on the log density recorder. At lower scan rates the standard deviations 
decreased for both recorders. 

The effect of an optically dense blank is purely a matter of increased spectral slit width as long 
as the slit mechanism is able to respond to rapid changes in optical density. Studies of the determination 
of toluene in different concentration of benzene showed that the spec d of re sponse is sulficient to cope 
with a moderate concentration of benzene in the blank at scan rates of 1 to 5 A/sec. 

A log density plot of a spectrum should be independent of the concentration of the solute. The 
reproducibility of the spectrum of toluene on the log density recorder for a series of different concen- 


trations was found to have a standard deviation only twice that for a single concentration 


Ultraviolet analysis of isomeric cresol mixtures: G. P. Carney and J. K. Sanrorp, Research Labor 
atory, Barrett Division, Allied Chemical & Dye ( orporation, Philadelphia, Pa. 


4 simple, rapid, ultraviolet method for analyzing mixtures of any two or all three isomeric cresols 
in solution in isooctane is based on the absorptivities of the isomers at 2774, 2728 and 2858 A. The 


largest error in the determination of each component of five synthetic mixtures was about 1-5% (ab- 


solute 
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FAIRBA H. W. and others: A Cooperative Investigation of Precision and Accuracy in Chemical, 
Spectrochemical and Modal Analysis of Silicate Rocks. ‘ 
Printing Office, Washington, 1951 Tl pp., 1 P 


re gical Surve in 980, U.S. Govt. 


late text 
started in 1946 with 
i covering the 
i out by staf! 
Mass. 
; al Laboratory, 
i Petrology Branch, U.S. Geological 
perat r I rer al laboratories throughout the world 
ion ar f the samples and the results of the chemical 
i diabase, parti being taken to ensure homogeneity of the 
Analyses were made by 3 ymists in 25 laboratories in 10 countries 
iprehensive er undertaken on rock analysis. One laboratory, the Cabot 

ory, M.I.T., provided the spectrographic analyses. 

AHRENS al ylleagues, in Parts 3 an » » the spectrographic determination of major 
t elements in minerals and rocks and of rarer elements in granite and diabase. Modifications 
iby A. Kvatuerm (J. Opt. Soc. Amer. 1947 37 585; see also, L. H. AHRENS 
ctrochemuical Analysis Addison-Wesley Press, Cambridge, Mass. 1950) and a method developed in 
abot Laboratory for » determination of sodium and potassium, were used. (L. H. AHRENs, 
DENNEN, F. ¢ y an ,. GORFINKLE: Quantitative spectrochemical analysis of silicates 
aratior It is evident that spectrograph 


leterminations of major elements, in this laboratory, 
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show a precision comparable with that of chemical analysis. Both chemical and spectrographic results 
have been subjected to careful statistical analysis, the former in order to establish the accuracy ofthe 
spectrographic working (concentration-calibration) curves. Some results obtained by flame photo- 
metry are also included 
Seven reproductions of working curves are given, illustrating the determination of iron, aluminium 
(as Al,O,), manganese (as MnO), calcium (as CaO 


magnesium (as MgO), sodium, potassium (above 
about 3% 


and K,O/Na,O ratios (indirect method for the determination of potassium, with sodium as 


variable internal standard.) In these curves the degree of uncertainty is indicated by the form of each 


plotted point. The mineral form of the sample used for each point on the curve is also identified. Although 
it is conceded that matrix composition might introduce a systematic error, no apparent effect on the 
precision has been observed 


Available data on spectrographic and chemical determinations of the rarer elements (Ba, Be, B, 


Co, Cr, Cu, Ga, La, Li, Mo, Nd, Ni, Pb, Rb, Sc, Sr, V, Y, Zn, Zr, Mn 
(in Part 4) but it is pointed out that this contril 
account is to be published later 


are presented for comparison 
ution is in the nature of a preliminary report. A fuller 
Spectrographic data were provided by R. L. MircnHety (Aberdeen), 
K. J. Murata (Washington), A. KvaLtHem (Oslo) and the Cabot Laboratory (M.I.T.). This work 


18s 
of great importance, as published abundance values for minor elements in the earth’s crust need critical 
review, but much inter-laboratory calibration work still remains to be done 
Part 5 gives the results obtained by the purely petrographic technique of modal (point counter 


analysis of thin sections of! the granite ar d diabase test rox ks These provided a useful che k on the 


homogeneity of the samples prior to crushing. It is considered that this method deserves more promin- 


ence than it has hitherto received 


While no final solution of the problems encountered in the analysis of silicate rocks has been reached, 
the painstaking correlation of the results obtained by different methods gives an excellent insight into 
the present status of the various techniques available for the analysis of such materials. 
In conclusion, the authors express the hope that the work described in this Bulletin 


will initiate 
similar, more extensiv¢ 


and better designed studies of the accuracy and precision of analytical methods 


used by petre geochemists and mineralogists’”’. D 


M. SMITH 


Rosen, M. B. (Rédacteur Atlas des longueurs d’ondes caractéristiques des bandes d’émission et d’ab- 
sorption des moléculesdiatomiques, Hermann et Cie, Paris 1952. 389 pp. 5600 francs. 
Le fasci 4 des Tables de Constantes et données numériques, publié en 1951 sous la direction de 
Monsi¢ 
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